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PHILADELPHIA 


The fatalities among persons following the administration of arsphen- 
amin and neo-arsphenamin in the treatment of syphilis, have been 
mainly attributed to the toxicity of the drugs and to technical errors 
in administration referable to the preparation of the solution and man- 
ner of injection. The results of studies of the gross and histologic 
tissue changes have usually shown the presence of some form of acute 


nephritis and degenerative changes in the liver as the most prominent 
lesions. In Europe an acute hemorrhagic and “serous” meningitis or, 
rather, an acute meningeal congestion, has been commonly described, 
whereas in America few or no changes in the membranes and sub- 
stances of the brain and cord have been found. Under these circum- 
stances, however, only limited information can be gained regarding 
the tissue changes ascribable to the solutions of the drugs because of 
pathologic changes in the organs and tissues due to syphilis, for which 
the majority of persons succumbing after injections of arsphenamin 
have been treated. 


VALUE OF EXPERIMENTAL STUDIES 


A study of the effects of arsphenamin and neo-arsphenamin on 
the tissues of experimental animals has proved of interest in two main 


*From the Dermatological Research Laboratories of Philadelphia and the 
McManes Laboratory of Pathology of the University of Pennsylvania. 
* Investigation aided by funds accruing from the preparation of arsphenamin. 
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directions, namely, as bearing on the methods of treatment of syphilis 
with these compounds and on the subject of specific arsenic therapy. 

For example, in reference to the treatment of syphilis, differences 
in the degree of tissue changes, which were sometimes quite evi- 
dent, have been found after the intravenous injection of arsphenamin 
and neo-arsphenamin, and profound differences have been observed 
according to the kind of solution of arsphenamin administered, as 
acid and alkaline (disodium) solutions. 

In reference to the subject of chemotherapy, we agree with Wade 
Brown ' who has well said that the determination of toxicity of new 
compounds for experimental animals in so far as duration of life is 
concerned, is insufficient, and that the question of tissue injury has not 
attracted the attention that the subject deserves. 

In comparative study of the changes occurring in the kidneys and 
suprarenals of experimental animals by various arsenical compounds, 
Pearce and Brown,” have shown that there may be but slight relation 
between toxicity and tissue injury and that one may be diminished 
without necessarily reducing the other; according to their results, it is 
doubtful whether there is as yet a single compound of arsenic posses- 
sing curative value in experimental trypanosomiasis that produces 
neither toxic symptoms nor organic tissue changes. 

The purpose of the experimental chemotherapeutist is, therefore, 
the production of compounds possessing the maximum of curative value 
for a certain infection with the minimum of toxicity and tissue injury 
for experimental animals and persons. 


PURPOSES OF INVESTIGATION 


The present investigation is a continuation of a series of studies 
by one of us (Kolmer) with Schamberg and Raiziss,’ bearing on the 


1. Brown, W. H.: Lesions Produced by Arsenicals and Their Bearing on 
the Problem of Specific Arsenic Therapy, Bull. Johns Hopkins Hosp. 26: 
309-315, 191.5. 

2. Pearce, W., and Brown, W. H.: Histological Changes in Arsenic Kid- 
neys, J. Exper. Med. 22:525-534; On the Pathological Action of Arsenicals 
on the Adrenals, ibid. 22:535-542, 1915. 

3. Schamberg, J. F.; Kolmer, J. A., and Raiziss, G. W.: Experimental and 
Clinical Studies of the Toxicity of Dioxydiamino-Arsenobenzol Dichlorhydrate, 
J. Cutan. Dis. 35:286 (May-June) 1917. Schamberg, J. F.; Kolmer, J. A.; 
Raiziss, G. W., and Weiss, C.: Laboratory and Clinical Studies Bearing on 
the Causes of the Reactions Following Intravenous Injections of Arsphenamin 
and Neo-Arsphenamin, Arch. Dermat. & Syph. 38:235-256, 1920. Schamberg, 
J. F.; Kolmer, J. A. and Raiziss, G. W.: Comparative Studies of the Toxicity 
of Arsphenamin and Neo-Arsphenamin, Am. J. Med. Sc. 160:188, 1920; Com- 
parative Studies of the Trypanocidal Activity of Arsphenamin and Neo- 
arsphenamin, ibid., to be published. 
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comparative toxicity and curative activity of arsphenamin and neo- 
arsphenamin from the standpoint of treatment of disease and in rela- 
tion to experimental chemotherapy with new arsenical compounds 
being prepared and studied in these laboratories. 

In this article are given the results of studies bearing on the his- 
tologic changes produced in the tissues of rats and rabbits by differ- 
ent solutions of arsphenamin administered in single large and multiple 
small doses; the results of a similar study with neo-arsphenamin are 
given separately.* 

EXPERIMENTAL 


White rats and rabbits were employed in all experiments. Arsphen- 
amin was administered by injection into the saphenous veins of rats 
with a gravity apparatus, in the form of 2 per cent. solutions in freshly 
distilled water at the rate of 0.5 c.c. per minute; rabbits were injected 
with a syringe by way of the ear veins. Both acid (non-neutralized ) 
and alkaline (disodium) solutions were administered. In preparing 
the latter the technic of the Hygienic Laboratory was employed, namely, 
the addition of 0.9 c.c. of a solution of normal sodium hydroxid for 
each 0.1 gm. of drug; this amount of alkali represents an excess of 
that required for neutralization and results in a solution of the disodium 
compound of arsphenamin. 

Some of the animals were killed at varying intervals after injection 
and usually by a very brief exposure to illuminating gas which appeared 
in comparative tests least likely to induce tissue changes, as a number 
of control animals killed in this manner never exhibited any discern- 
ible gross or minute tissue changes. Some animals succumbed at 
varying intervals after injection; necropsy examinations were per- 
formed on these within a few hours after death, and the tissue changes 
were always identical with those encountered in animals destroyed at 
chosen intervals by a brief (stupefying) exposure to illuminating gas. 

Necropsy examinations were performed immediately after death, 
and the following organs divided into two parts and placed in Orth’s 
fluid, and in 5 per cent. neutral liquor formaldehydi: cerebrum, cere- 
bellum, brain stem and meninges, lungs, heart, liver, spleen, supra- 
renals and kidneys. Paraffin and frozen sections were prepared, sec- 
tions being made of each organ at varying levels; considerable pre- 
liminary study was required for the determination of the best technic 
for the various tissues from the two species of animals. Special 
studies were made of the suprarenals in reference to the chromaffin 


4. Kolmer, J. A., and Lucke, B.: A Study of the Histologic Changes Pro- 
duced Experimentally in Rabbits by Neo-Arsphenamin, Arch. Dermat. & Syph., 
this issue, p. 515. 
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cells and also of the lipoid contents, frozen sections being stained with 
Herzheimer’s scharlach r for the latter. Paraffin sections were rou- 
tinely stained with hematoxylin and eosin. 

The tissues of several series of normal rats and rabbits of the 
same weights and ages as employed in our experiments were studied 
preliminary to the experimental part in order to have the histologic 
variations of the different organs under normal conditions for com- 
parative study. 

Considerable variation in the degree of tissue change was found 
among animals of the same species receiving the same drug in the 
same manner and at the same time; for this reason detailed descrip- 
tions may be advisable, but would greatly extend the present article so 
that a résumé or summary of the changes in the different organs viewed 
as a whole is here presented. 

RESULTS 
HISTOLOGIC CHANGES PRODUCED BY THE INTRAVENOUS INJECTION 
OF ACID SOLUTIONS OF ARSPHENAMIN 


When arsphenamin is dissolved in water the solution is acid and 
very toxic for all experimental animals; in previous studies, Scham- 
berg, Kolmer and Raiziss* have determined that failure to neutralize 
solutions of arsphenamin with alkali leads to an increase in toxicity of 
from 50 to 60 per cent. in solutions of 0.5 to 1 per cent. concentration. 
A few of the fatalities among human beings have been ascribed to the 
intravenous injection of acid solutions; in our experiments relatively 
large doses were employed and all of the animals, excepting one, died 
within a few minutes after the completion of the injections. 


TABLE 1.—Tue Intravenous INJeEcTION oF AciID SOLUTION OF 
ARSPHENAMIN IN RaAtTs 


2 Per Cent. 
Weight, Gm. Sex Dose per Kilo —- Results 

105 F 0.100 0.53 Immediate death 
140 M 0.090 0.63 Immediate death 

85 r M 0.080 0.34 Killed 12 hours later 
% M 0.070 0.33 Immediate death 
130 M 0.060 0.39 Immediate death 
110 M 0.050 0.28 Immediate death 


Table 1 gives the results observed after the intravenous injection 
of acid solutions of arsphenamin in rats and Table 2, of similar injec- 
tions in rabbits; the tables show the doses employed. 


5. Schamberg, J. F.; Kolmer, J. A.. and Raiziss, G. W.: Experimental and 
Clinical Studies of the Toxicity of Dioxydiamino-Arsenobenzol Dichlorhydrate, 
J. Cutan. Dis. 35:286 (May-June) 1917. 
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TABLE 2.—TueE INTRAVENOUS INJECTION OF AcID SOLUTION OF 
ARSPHENAMIN IN RABBITS 


2 Per Cent. 
Weight, Gm. Dose per Kilo Solution, Results 
C.e. 


1,580 0.030 2.4 Died at once 
2,660 0.040 5.3 Died at once 
1,650 0.050 4.1 Died at once 
2,450 0.060 7.4 Died at once 
1,740 0.080 7.0 Died at once 


The principal tissue changes were: 
Cerebrum, Cerebellum, Brain Stem and Meninges.—In both rats 
and rabbits hyperemia of the meninges, and especially of the pia-arach- 
noid, was found; in many of these vessels were conglutinated or even 
hyalinized masses of erythrocytes in which the outlines of the indivi- 
dual cells were poorly defined or entirely lost. Occasional small 
hemorrhagic areas were found in different parts of the brain and in 
the meninges. Thrombi of conglutinated erythrocytes were also found 
in some of the smaller vessels of the cerebrum and cerebellum, but 
there were no discernible changes in the ganglion cells. 
Lungs.—Vascular changes were most prominent. The majority of 
the blood vessels contained thrombotic masses, often possessing a light 
yellowish green color and in the larger vessels presenting a peculiar 
whorl-like appearance (Figs. 1, 2, 3, 4). The bands of these thrombi 
were usually homogeneous, but were sometimes granular; individual 
erythrocytes were only occasionally to be discerned. The capillaries 
of the alveolar walls in some areas were engorged with conglutinated 
erythrocytes ; in other areas they were quite empty and even collapsed. 
Hemorrhage into the air sacs and interstitial tissue was found in only 
a few scattered areas; no other changes of importance were present. 
Heart.—The most prominent changes were distention of the right 
auricle and ventricle with clots composed of more or less conglutinated 
erythrocytes ; embedded in these clots were found the same peculiar 
yellow-green tinted whorl-like bands of homogeneous material seen in 
the larger pulmonary vessels (Fig. 5). These “acid-arsphenamin 
thrombi” were different in morphology and staining from the ordinary 
“hyalin thrombi” frequently found in various toxic and infectious dis- 
eases. The capillaries of the heart wall were generally intensely con- 
gested, and many contained conglutinated or hyalinized masses of 
erythrocytes. In a few instances rupture of capillaries with result- 
ing small focal hemorrhages between the muscle bundles were encoun- 
tered. Here and there anemic areas were found, apparently due to 
vascular occlusions. 
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Liver—Intense hyperemia and widespread but irregularly dis- 
tributed vascular occlusion, with conglutinated and partly or entirely 
hyalinized masses of erythrocytes, characterized the most conspicuous 
alterations (Fig. 6). In view of the tissue changes found in many 
animals of the other experimental series, this irregular thrombosis is to 
be emphasized. Most often the central lobular veins and the capillaries 
around these vessels were prominently distended, either with fairly 
well preserved erythrocytes, or, more frequently, with red cells more 


Fig. 1.—Lung from rabbit injected with acid arsphenamin; immediate death. 
All the larger vessels are occluded by thrombi, details of which are shown in 
Figures 2, 3 and 4. (Very low magnification.) 


or less fused or even hyalinized. Sometimes the peripheral vessels 
(the branches of the hepatic artery and portal vein and the peripheral 
capillaries) were similarly distended, while the central lobular veins and 
the adjacent capillaries were almost empty. No changes in the liver 
cells were discernible when death followed immediately after the injec- 
tion, but in the one animal which survived five hours, early necrotic 
changes were observed in numerous irregularly distributed areas but 
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particularly around the intralobular veins. These areas gave the impres- 
sion of early infarctions and were sometimes flooded with escaped 
erythrocytes. 

Kidneys.—Marked congestion and large numbers of thrombi of 
conglutinated erythrocytes mainly in the vessels of the boundary zone, 
constituted the predominating change ; the malpighian tufts were usually 
greatly engorged and generally filled the capsular space. Many of the 
component capillaries contained hyalinized or conglutinated erythrocytes, 
while others were without contents and collapsed. Hemorrhages were 


Fig. 2—Large pulmonary artery from rabbit injected with acid arsphenamin; 
immediate death. Occlusion with a peculiar type of thrombus which consists 
of light yellow-green colored homogeneous bands arranged in a whorl-like for- 
mation (“acid-arsphenamin thrombus”). (High dry lens magnification.) 


not found; changes in the tubular epithelium were not observed except 
in the one animal that survived five hours, marked cloudy swelling 
and coarse granularity of the cells of the convoluted tubules especially 
being encountered. 

Suprarenals—The only prominent and constant change was well 
marked congestion of the medullary portion, with numerous small 
thrombi similar to those found in the other organs; there were no dis- 
cernible changes in the lipoid and chromaffin contents. 
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Spleen.—This organ usually showed an intense congestion and num- 
erous thrombi of conglutinated erythrocytes ; the follicles and trabecula 
presented no changes. 


HISTCLOGIC CHANGES PRODUCED BY THE INTRAVENOUS 
INJECTION OF SINGLE LARGE DOSES OF SOLU- 
TIONS OF DISODIUM ARSPHENAMIN 


In the routine toxicity tests of arsphenamin white rats weighing 
from 100 to 150 gm. are injected with 2 per cent. solutions of disodium 
arsphenamin in doses equivalent to 0.1000 gm. per kilogram of body 


Fig. 3.—Large pulmonary artery and part of veins from rabbit injected with 
acid arsphenamin; immediate death. Both vessels are occluded with thrombi 
of the type shown in Figure 2. (High dry lens magnification.) 


weight ; this amount is equivalent to 6 gm. per 60 kilos of body weight. 
The tissues of rats succumbing at varying intervals after these injec- 
tions, as shown in Table 3, have been examined as part of our study. 

As a general rule, rabbits are somewhat more susceptible to the 
toxicity of arsphenamin. A number were given intravenous injec- 
tions of 0.080 gm. of disodium arsphenamin per kilo of body weight, 
corresponding to 4.8 gm. per 60 kilos, and examined at varying inter- 
vals after injection, as shown in Table 4. 


— 
i 
i : . 
als 


KOLMER-LUCKE—ARSPHENAMIN 491 


In some instances the animals had been dead about twelve hours 
before necropsy examinations were performed; however, the majority 
of animals were killed at intervals and the necropsy examinations were 
performed within an hour. 


TABLE 3.—TueE INTRAVENOUS INJECTION OF RATS WITH SINGLE LARGE Doses 
oF SOLUTION OF DisoprtumM ARSPHENAMIN 


Weight, Gm. Sex Dose per Kilo Results 
100 M 0.100 Lived 2 days 
125 M 0.100 Lived 10 days 
100 M 0.100 Lived 11 days 
110 M 0.100 Lived 12 days 
1) M 0.100 Lived 13 days 


TABLE 4.—Tue Intravenous INJECTION OF RABBITS WITH SINGLE LARGE 
Doses oF SOLUTIONS oF DisopIUM ARSPHENAMIN 


Weight, Dose per Kilo Results 
Gm. in 10 C.e. 
1,690 0.080 Examined 3 days after injection 
2,230 0.080 Examined 5 days after injection 
1,640 0.080 Examined 7 days after injection 
2,150 0.080 Examined 12 days after injection 


The histologic changes may be summarized as follows; marked dif- 
ferences were found according to the duration of life following the 
injections : 

Cerebrum, Cerebellum, Brain Stem and Meninges.—Sections of 
different portions of the cerebrum and cerebellum have shown no strik- 
ing or constant changes. The brain vessels were moderately engorged 
in some animals; here and there clear zones of perivascular edema 
were found. Occasionally a few isolated degenerated ganglion cells 
were encountered. The meninges have generally shown well marked 
congestion and a few hyalinized thrombi. Slight meningeal edema 
and occasional small round cells were often encountered, but leukocytic 
infiltration was not seen in any section. In two animals surviving for 
more than ten days several minute hemorrhages were found in the 
brain substance. 

Lungs.—Vascular changes were most prominent but varied accor- 
ding to the duration of life after the injection of arsphenamin; these 
changes were also somewhat more marked among the rats than among 
the rabbits. 

When the lungs were examined within two days after injection of 
arsphenamin, marked congestion and small thrombi of conglutinated 
erythrocytes were seen associated with scattered areas of edema and 
extravasation of erythrocytes into the air sacs. After longer intervals 
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between injection and death less marked congestion and edema were 
usually found. Catarrhal swelling and inconspicuous desquamation of 
the lining alveolar epithelium was frequently encountered. Thrombo- 
sis was practically never seen. The terminal bronchi and bronchioles 
frequently exhibited slight mucopurulent inflammatory changes; the 
latter, however, may not have been caused by the drug. 

Heart.—No constant and striking changes were found; the epicar- 
dium and endocardium appeared normal, but in a few animals, and 
especially among the rats that died within a few days after injection, 


Fig. 4.—Large pulmonary artery and veins from rabbit injected with acid 
arsphenamin; immediate death. The erythrocytes are partly conglutinated and 
in places fused into hyaline masses. Thrombi of this type occur frequently with 
the peculiar “acid arsphenamin thrombi” shown in Figures 2 and 3. In Figure 
1 “conglutination,” “hyaline” and “acid arsphenamin thrombi” are shown. (Low 
dry lens magnification. ) 


small areas of focal parenchymatous degeneration were encountered 
in the myocardium. In these areas the muscle cells appeared cloudy. 
swollen, hyalinized, vacuolated, devoid of striations, and presented 
nuclear degeneration. In some instances the smaller vessels were 
congested and occasionally plugged with thrombi of conglutinated 
erythrocytes, which were probably responsible for the areas of focal 
degeneration. In several animals rather diffuse cloudy swelling of the 


t 


Fig. 5.—Clot in right ventricle from rabbit injected with acid solution of 
arsphenamin; immediate death. Embedded in the mass of partly conglutinated 
erythrocytes are the yellow-green colored, homogeneous bands of the “acid 


arsphenamin thrombi.” (Low dry lens magnification. ) 


Fig. 6.—Liver from rat injected with acid arsphenamin; immediate death. 
Extreme congestion and occlusion of the central lobular veins and intralobular 
sinusoids with conglutinated and partly hyalinized erythrocytes. The blood 
channels of the organ stand out as boldly as if they were injected with a 
coloring mass. (Low dry lens magnification. ) 
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muscle fibers were seen; slight swelling of the vascular endothelium 
sometimes occurred. In one rat, succumbing after ten days, an area of 
necrosis with well marked infiltration by small round cells and fewer 
polymorphonuclear leukocytes was present. 

Liver —The liver has shown extensive and striking changes in all 
animals, but particularly among the rats; these changes were mainly 
in the form of extensive areas of coagulation necrosis involving all 
parts of the lobule but particularly the central and middle portions. 


Fig. 7.—Liver from rat injected with a single large dose of disodium ars- 
phenamin; death two days after injection. There is a massive necrosis involv- 
ing all but the lobular peripheries. (Low dry lens magnification.) 


Rats succumbing within two days after the injection have shown 
changes so extensive as to resemble those commonly found in acute 
yellow atrophy, entire lobules, excepting the most peripheral portions, 
being necrotic and sometimes flooded with erythrocytes and infiltrated 
with mononuclear and fewer polynuclear leukocytes (Fig. 7). Among 
animals surviving a week or longer, the areas of necrosis were not so 
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large but were found in various parts of the lobule including the 
peripheral portions (Figs. 8 and 9). The irregular distribution of these 
necrotic areas is noteworthy. 

The different stages of the necrotic process could be well recognized. 
The earliest changes occurring in animals that survived only a day or 
two were extensive coagulation necrosis, probably due to infarction. 
Later complete breaking down of the necrotic portions occurred, which 
then became flooded with erythrocytes and invaded by various phago- 


Fig. 8.—Liver from rat injected with a single large dose of disodium ars- 
phenamin; death ten days after injection. Many large irregularly distributed 
areas of necrosis are present, some are partly flooded with erythrocytes. (Low 
dry lens magnification.) 


cytic cells. The bile ducts usually showed no changes other than occa- 
sionally swollen epithelium. Many of the animals presented portal, 
as well as intralobular, congestion. Thrombi of conglutinated and 
hyalinized corpuscles were frequently seen in the vessels of the capsule, 
within the lobules and in the necrotic areas. Inconspicuous perilobular 
fibrosis was encountered only among animals surviving ten days or 
longer. 
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Kidneys—Marked degenerative changes were generally found in 
all animals, but the kind and severity of the changes varied according 
to the duration of life following the injection of arsphenamin; as a 
general rule, the kidneys of rats showed somewhat greater changes 
than those of rabbits, although this may be expectetd by reason of the 
larger doses administered to the former. 

Among animals succumbing within two days after injection, vas- 
cular changes predominated ; among those living for longer intervals, 


Fig. 9—Liver from rat injected with a single large dose of disodium arsphena- 
min; death eleven days after injection. Many areas of irregularly distributed 
necrosis are present. (Low dry lens magnification. ) 


tubular degeneration was more prominent with marked variations in 
the severity and extent of the lesions. 

The vascular changes consisted principally of marked congestion of 
the vessels of the boundary zone and cortex ; occasionally minute inter- 
stitial hemorrhages were seen. Numerous small thrombi of conglu- 
tinated erythrocytes were encountered. The glomerular tufts were 
generally greatly engorged and in part occluded with hyalinized 
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thrombi; some of the loops were collapsed. The capsules of Bowman 
usually showed no changes of the lining epithelium, but some fluid and 
granular débris were frequently found in the intracapsular space. 
Even in the animals dying after a short period, pronounced degenera- 
tion of tubular epithelium occurred, but the parenchymatous changes 
were generally greatest in animals surviving for a week or longer. 
The mildest changes consisted of extensive cloudy swelling, vacuoliza- 
tion and granularity, involving particularly the convoluted tubules of 
the inner cortical zone. While the limbs and loops of Henle some- 
times showed considerable cellular degeneration, this change was never 
as pronounced as in the convoluted tubules. The collecting tubules 
were least affected. 


ot" 


Fig. 10.—Kidney from rabbit injected with a single large dose of disodium 
arsphenamin; death ten days after injection. Large patches of the cortex are 
entirely necrotic and heavily infiltrated with calcium salts (which take a 
black tint in the photograph). The medullary portions of the kidneys were 
never necrotic. (Very low power magnification. ) 


The degenerative alterations were of all degrees; several animals 
surviving about five to seven days showing almost complete necrosis 
of the outer half of the cortex. The necrotic regions were heavily 
infiltrated with lime salts (Figs. 10, 11 and 12). 

A curiously irregular distribution of the tubular degeneration and 
necrosis was noted. Thus, often only isolated tubules were necrotic 
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while the neighboring tissue was in a fair state of preservation. In 
many instances the distribution was such as to point to infarction 
(Figs. 13 and 14). 

In the extreme necrosis all elements of the renal tissue in the 
involved areas were completely destroyed. 

Granular débris, erythrocytes, and desquamated cells frequently 
formed tubular casts. 


Fig. 11—Kidney from a rabbit injected with a single large dose of disodium 
arsphenamin; death eleven days after injection. Great necrosis of cortical 
regions, which are heavily infiltrated with calcium salts (black in the photo- 
graph). In an attempt to bring out the necrotic portions some of the inter- 
vening, tissue is thrown out of the proper focus. (Low dry lens magnification.) 


Slight edema was often found. The various changes pointed 
strongly to individual difference in susceptibility or resistance among 
the animals. 

Among the kidneys of animals surviving about two weeks, slight 
interstitial fibrosis was evident in both cortex and medulla, and espe- 
cially about areas of marked tubular necrosis. 

Suprarenals.—In practically all animals there was great alter- 
ation in the lipoid and chromaffin contents. 
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Among the animals surviving about two days the lipoid material 
was present only in the inner border of the zona fasciculata and 
occurred chiefly in the form of large droplets. In the zona glomeru- 
losa the cells were almost entirely free of lipoid substances. Among the 
animals surviving for ten days or longer the lipoid material was like- 
wise changed from finer granules to coarser droplets and showed evi- 
dences of depletion, being principally limited to the outer or inner 
border of the zona fasciculata. 

The chromaffin contents of the medullary cells was diminished, 
more especially in the animals surviving for five days or longer, indi- 


Fig. 12.—Kidney from rabbit injected with a single large dose of disodium 
arsphenamin; death eleven days after injection. A portion of the renal medulla 
is shown; many collecting tubules contain casts composed chiefly of con- 
glutinated erythrocytes and necrotic renal epithelium. (Low dry lens mag- 
nification. ) 


cating a gradual rather than sudden exhaustion, although this change 
Was not constant. 

Many of the cells in both medulla and cortex showed cloudy swell- 
ing and nuclear degeneration. 

Many of the suprarenals showed moderate congestion of the medulla 
and cortex, particularly of the former, and a few small thrombi of 
conglutinated erythrocytes. 
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Interstitial changes, such as cellular infiltrations and fibrosis, were 
not encountered. 


Spleen—These organs frequently presented striking irregular areas 
of coagulation necroses, especially in those removed from the rats. 


Among the animals succumbing within two days of injection, 
decided congestion of the splenic pulp and numerous small thrombi 
of conglutinated erythrocytes in the vessels and sinuses were commonly 
found. At this time, more especially among animals surviving for 


longer periods, the pulp cords showed marked necrosis with some 
polymorphonuclear leukocytic infiltration and many megalokaryocytes. 


Fig. 13.—Kidney from rabbit injected with a single large dose of disodium 
arsphenamin; death eleven days after injection. Several large cortical patches 
are in a stage of partial necrosis, probably due to incomplete vascular occlu- 
(Low dry lens magnification. ) 


sion (incomplete infarction). 


These areas of coagulation necrosis were usually focal, small and dis- 
tributed, but in some organs were quite large and had an almost hyaline 
and homogeneous appearance. Unusually large numbers of broken- 
down erythrocytes were seen; a fine homosiderin pigmentation was 


found. 


As a general rule, the follicles were fairly well preserved and there 


was apparently no involvement of the trabecula and capsule. 
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HISTOLOGIC CHANGES PRODUCED BY INTRAVENOUS INJECTIONS 
OF MULTIPLE SMALL THERAPEUTIC DOSES OF SOLUTIONS 
OF DISODIUM ARSPHENAMIN 


When a solution of arsphenamin is neutralized with sufficient 
sodium hydroxid to just dissolve the precipitate and about one third 
more of this amount of alkali is added, a disodium compound results 
which is believed by some to be somewhat less toxic than solutions to 
which just enough alkali is added to dissolve the precipitate and “clear” 
the solution. 


TABLE 5.—TuHeE INTRAVENOUS INJECTION OF RATS WITH A SOLUTION OF 
DisoptuM ARSPHENAMIN Every THREE Days 


| 2 Per Cent. Number 
Weight, Gm. Sex Dose per Kilo Solution, of Injee- 
| tions 
150 M 0.010 0.075 10 
85 M 0.010 0.043 ~ 
120 M 0.010 0.06 10 
130 M 0.010 0.065 10 
140 M 0.010 0.07 10 
140 M 0.010 0.07 1 


TABLE 6—THeE INntrAvENouS INJECTION OF RABBITS WITH MULTIPLE Doses 
OF A SOLUTION oF DisopIUM ARSPHENAMIN 


Dose per kilo, 0.01 ¢.c. 


Weights on Day of Injection 


1,670 2000 | 1,730 1,680 |} 1,90 1.640 

1,635 2,040 1640 | 1,575 | 1,985 1,495 

1,390 2,100 1,680 | 2,000 1,320 

1,380 2,040 1,640 1440 | 1,880 1,400 

1,390 1,970 1,570 1460 1,880 1.420 

1,470 2.050 1,695 1,490 | 1,970 1.450 

Exam. Exam. 1,575 1420 | 1,830 1,965 

1,700 1,575 1,940 2,000 

1,540 1,545 1,540 13” 

1,640 1,520 1,875 1,660 

Exam. Exam. 


A series of six rats were given from eight to ten intravenous injec- 


tions of solutions of the disodium compound of arsphenamin in doses 
of 0.01 gm. per kilogram of weight, corresponding to 0.6 gm. per 60 
kilograms, which is the maximum dose usually administered at one 
time to human beings in the treatment of syphilis (Table 5); these 
animals were killed and necropsy examinations made about twenty- 
four hours after the last injection. The injections were given twice 
a week. 
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A series of six rabbits were given from six to eighteen injections 
of solutions of the disodium compound in the same amounts, namely, 
0.01. gm. per kilo corresponding to 0.6 gm. per 60 kilos of weight, twice 
a week; animals were killed and necropsy examinations made after 
six, twelve and eighteen doses, as shown in Table 6. 

The histologic examination of these tissues has proved of consider- 
able interest, as the drug was administered in multiple small doses in a 
manner analogous to its administration to persons. 


Fig. 14—Kidney from rabbit injected with a single large dose of disodium 
arsphenamin (from rabbit whose kidney is shown in Figure 13). A portion of 
the cortex shows great tubular dilatation, tubular collapse, atrophy and degen- 
etation of the lining epithelium. Many casts are present. (High dry lens 
magnification. ) 


Cerebrum, Cerebellum, Brain Stem and Meninges.—Inconspicuous 
changes were found. The meninges have generally shown a slight 
degree of hyperemia, but no cellular infiltrations; thrombi of conglu- 
tinated erythrocytes were generally absent, although a few such were 
found. Occasionally extravasated red cells were found. The vessels 
of the brain were slightly congested, and in some specimens slight 
perivascular edema was noted. The vascular endothelium sometimes 
appeared swollen. In sections of the brains of some of the rats, num- 
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erous irregularly distributed minute areas of focal hemorrhage were 
seen (Fig. 15), a few being surrounded by definite zones of early necro- 
sis in which the cells were stained diffusely and indistinctly and the 
details of morphology obscured. These changes occurred particularly 
in animals that had received many injections. 

Lungs.—The lungs of both series of animals have shown interesting 
and instructive changes. In specimens of animals receiving the max- 
imum number of injections, the capillaries were tortuous and densely 
packed with erythrocytes, which sometimes were conglutinated. |The 
walls of the air sacs were somewhat thickened and more cellular, due 


4 ‘ 


Fig. 15.—Brain from rat injected with ten small doses of disodium ars- 
phenamin. A small focal hemorrhage is shown. (Low dry lens magnification.) 


to proliferating fibrous tissue. In large areas the alveoli were filled 
with edematous fluid, in which hemosiderin-carrying phagocytes could 
here and there be seen. The whole picture suggested passive con- 
gestion of moderately long standing with diffuse capillary edema. In 
the animals receiving fewer injections, these alterations were less 
noticeable. 


A few of the larger pulmonary vessels (of rabbits) contained partly 
conglutinated or hyalinized thrombi. In one animal which received six 
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injections a large vein was completely occluded by closely interwoven 
hyaline bands of whorl-like arrangement; calcium granules were 
scattered throughout this thrombotic mass. In another rabbit which 
had received the maximum number of injections an interesting throm- 
bosis occluded four fifths of the large vein. This thrombus was in a 
stage of advanced organization, being composed of young connective 
tissue cells, between which was found a heavy deposit of calcium. A 
portion of this calcium was present in the form of course granules which 
were surrounded by syncytial giant cells; elsewhere the lime salts 
occurred in dense clumps. A new channel had formed lined by endo- 
thelium and containing well preserved red cells (Fig. 17). 


Fig. 16.—Lung from rat injected with ten small doses of disodium ars- 
phenamin; an area of bronchopneumonia with adjacent compensatory inflated 
lung tissue. A medium sized artery presents considerable thickening of its 
wall and narrowing of the lumen. (Low dry lens magnification.) 


These thrombi probably illustrate a not infrequently occurring con- 
dition, namely, arsphenamin, even in small doses may occasion a few 
pulmonary clots, which, while not interfering with life, may produce 
some symptoms. 

Some of the arteries exhibited slight proliferative endarteritis with 
swollen endothelium and proliferation of the subendothelial connective 
tissue, but in this connection it is well to remember that rabbits are 
prone to develop spontaneous arteriosclerosis. 
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The lungs of the rats exhibited the same kind of vascular changes 
but in a lesser degree; patches of bronchopneumonia were frequently 
found (Fig. 16). In these areas the bronchial walls were generally 
infiltrated with polymorphonuclear cells and the lumen filled with 
masses of degenerating leukocytes and cellular débris. The surround- 
ing air sacs were almost entirely filled with leukocytes, a few erythro- 


Fig. 17.—Large pulmonary vein from rabbit injected with seventeen small 
doses of disodium arsphenamin. An organized thrombus fills about four-fifths 
of the lumen. A heavy calcium salt deposit is shown. A new channel relined 
with endothelium has formed. (High dry lens magnification.) 


cytes and some desquamated epithelium or mixtures of edematous fluid 
and cells. In these areas of pneumonia, the alveolar walls were some- 
times necrotic and infiltrated with polymorphonuclear leukocytes. In 
this connection it may be stated that both rats and rabbits, and par- 
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ticularly the former, are very susceptible to pulmonary infection. The 
animals having received the largest number of injections were par- 
ticularly prone to exhibit inflammatory alterations. 

In other areas free of pneumonia, the alveolar walls were prominent, 
their capillaries tortuous, often engorged and sometimes occluded by 
conglutinated red cells. Fibrous thickening of the alveolar walls, in 
a moderate degree, was found when the animals had received many 
injections. 

The pleura showed no changes. 


Fig. 18.—Heart from rat injected with ten small doses of disodium ars- 
phenamin. In a large part of the myocardium the muscle fibers are degen- 
erated; between these fibers a fairly dense round cell infiltration exists. The 
degenerative and cellular infiltration appear sharply limited. (Very low mag- 
nification. ) 


Heart.—Sections of the hearts of some rats showed irregularly dis- 
tributed focal areas of degeneration situated sometimes near the endo- 
cardium, sometimes beneath the epicardium or deep in the myocardium. 
The muscle degeneration in these areas was of various types, showing 
cloudy swollen fibers with indistinct or absent striations, homogeneous 
and hyalinized protoplasm and considerable vacuolization. Many of 
the muscle cells were mere broken-up structureless atrophic masses. In 
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these areas of focal necrosis were dense collections of large and small 
mononuclear cells with some fibroblasts and a few plasma cells; poly- 
morphonuclear elements were inconspicuous. These areas of necrosis 
were evidently of different ages, as if some muscle degeneration had 
just begun, whereas in others degeneration was advanced and cellular 
infiltration quite extensive. Much variation as to size was present, 
but generally the areas of focal necrosis were quite small. In several 
instances they were so sharply limited as to suggest that only definite 
bundles were involved. This seemed to point toward infarction, or 
at least local anemia. Generally, the degree of tissue alteration stood 
in proportion to the medication received (Figs. 18 and 19). 


Fig. 19—Heart from rabbit injected with ten small doses of disodium ars- 
phenamin. This is a high magnification of a field shown in Figure 18. Between 
the degenerated muscle cells are large numbers of infiltrating small and large 
round cells. Polymorphonuclear leukocytes are rarely encountered in such areas. 


The hearts of the rabbits also showed occasionally slight focal 
necrosis, but the changes were not so striking as in the hearts of the 
rats. Slight passive congestion, inconspicuous swelling of vascular 
endothelium, occasional small hyalinized thrombi and slight intersti- 
tial edema constituted the usual changes. 
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Liver.—Slight periportal fibrosis with small areas of focal necrosis, 
particularly in the peripheral portions of the lobules, constituted the 
most conspicuous changes in this organ. 

The fibrosis was confined almost entirely to tissue about the blood 
vessels and bile ducts, and was never sufficiently extensive to sur- 
round a lobule. 

The vascular changes were never great; a few thrombi of partly 
hyalinized masses of erythrocytes were found and only occasionally 
passive congestion of the intralobular veins. No changes were found 
in the bile ducts. 

The areas of focal necrosis were found more especially in the rat's 
organs ; these were quite small and generally in the peripheral portions 


Fig. 20.—Spleen from rat injected with six small doses of disodium ars- 
phenamin. Many clumps of hemosiderin (black in photograph) are scattered 


. throughout the tissue. In animals receiving the maximum number of injec- 


tions the hemosiderin pigmentation is considerably more pronounced. (Low 
dry lens magnification.) 


of the lobules, although this distribution was frequently very irregular. 
The appearance of these areas varied from groups of necrotic cells 
sometimes flooded with erythrocytes or areas of marked necrosis infil- 
trated with lymphocytes, to definitely fibrous round nodules in animals 
that had received the largest number of injections. The connective 
tissue proliferations were only discernible in the organs of those ani- 
mals receiving the maximum number of injections. 
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Kidneys —Vascular changes constituted the most prominent alter- 
ations embracing marked congestion, especially pronounced in the 
deeper cortical and outer boundary zones. The dilated vessels fre- 
quently contained thrombi of partially or entirely hyalinized masses of 
erythrocytes. The glomeruli, corpuscles and capsular spaces showed 
no abnormal changes, except that the vessels of the tufts were generally 
distended and frequently occluded with the hyalinized plugs of erythro- 
cytes ; collapsed glomerular capillaries were sometimes seen. Occasion- 
ally minute interstitial hemorrhages were found, likewise slight degrees 
of interstitial edema. 

The tubules have usually shown minor changes generally confined 
to the convoluted tubules of the outer cortical zone and spiral portions 
of the outer boundary zone; the collecting tubules have shown no 
changes. In the involved areas the tubular cells have been found 
cloudy, swollen with granular and vacuolated protoplasm and degener- 
ated nuclei. Here and there an inconspicuous connective tissue 
increase was encountered. This was seen only in animals receiving 
the maximum number of injections, and generally consisted of small 
groups of spindle cells or small round cells, generally situated about 
a glomerulus. Frank necrosis was not encountered. Evidences of 
cellular regeneration were frequently seen. 

Suprarenals—These organs have shown considerable variation 
among animals receiving the same amounts of arsphenamin per body 
weight at the same time and examined by necropsy at the same inter- 
vals after injection. In all instances the suprarenals were removed 
and fixed within an hour after death. 

In the animals receiving the smaller number of injections a definite 
increase in size and quantity of the cortical lipoid was observed. All 
three zones of the cortex exhibited this lipoid increase, but the middle 
zone was the seat of the greatest accumulation. In the animals receiv- 
ing the largest number of injections a slight lipoid exhaustion was 
present, particularly affecting the outer zone. 

There appeared to be a distinct swelling of the cortical cells, and 
frequently many cells were seemingly regenerating. 

The vascular changes were slight, the capillaries being occasionally 
engorged with conglutinated or hyalinized masses of red cells. The 
larger vessels showed no alterations. There was no change in the 
interstitial substance. 

In the medullary portions many of the cells were shrunken, and 
while most contained some chromaffin, there were many that did not, 
and we are of the opinion that the majority of sections showed slight 
chromaffin depletion. 


510 ARCHIVES OF DERMATOLOGY AND SYFHILOLOGY 


Spleen—The principal change was one of passive congestion with 
slight hemosiderosis and fibrillar fibrosis, particularly in the animals 
receiving the maximum number of injections (Fig. 20). The capsule 
and trabeculae showed no structural changes, or at most slight fibrosis 
in those animals receiving ten or more injections. A few giant cells 
resembling megalokaryocytes were occasionally encountered, and _ the 
malpighian follicles were generally rather large, with prominent ger- 
minal centers. 

SUMMARY AND DISCUSSION 

It is to be emphasized that considerable individual variations in the 
histopathologic changes were found in the various organs of animals 
receiving the same drug under similar experimental conditions; gen- 
eral changes may be summarized as follows: 

1. Changes Produced by Acid Solutions of Arsphenamin.—1. The 
blood vessels of the organ examined (brain and meninges, lungs, heart, 
liver, spleen, kidney and suprarenal) were either intensely engorged 
or occluded by thrombi consisting of partly or entirely conglutinated 
or hyalinized erythrocytes. 

2. This thrombosis was irregularly distributed. 


3. In the larger pulmonary vessels and in the distended chambers 


of the right side of the heart the thrombi were a peculiar light yellow- 
green, and consisted of homogeneous bands arranged in whorl-like 
formation (“acid-arsphenamin thrombi’). 

4. Occasional small capiliary hemorrhages were found. 

5. There were no tissue alterations (death having occurred imme- 
diately after injection), excepting in one animal which survived for 
five hours and which exhibited early parenchymatous degeneration, par- 
ticularly in the liver and kidney. 

2. Changes Produced by Single Large Doses of Solutions of Diso- 
dium Arsphenamin (0.100 gm. per kilo or 6 gm. per 60 kilos).—1. 
The tissue alterations were prominent and depended chiefly on the 
number of days the animal survived the injection. 

2. Degenerative tissue changes predominated over the vascular 
changes. In the liver unevenly distributed areas of necrosis, often of 
extreme extent, were seen. The kidneys exhibited extensive tubular 
necrosis and calcium deposition; the spleen often presented irregular 
areas of coagulation necrosis; in the suprarenals there was a depletion 
of the lipoid and chromaffin contents. Areas of focal necrosis were 
found in the myocardium. The brain tissue was little altered. 

3. The vascular changes consisted of more or less pronounced con- 
gestion and irregularly distributed conglutination and hyaline thrombi; 
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these may be in part responsible for the degenerative changes. Small 
focal hemorrhages were frequently found. 

4. These changes were produced by arsphenamin prepared by three 
different laboratories. 

3. Changes Produced by Multiple Small Doses of Solution of Diso- 
dium Arsphenamin (0.01 gm. per kilo or 0.6 gm. per 60 kilos).—1. 
The lesions in these series were inconspicuous and varied according to 
individual susceptibility and the number of doses injected. 

2. A very slight connective tissue proliferation was found in the 
lung, liver, spleen and kidney of the animals receiving the maximum 
number of injections. 

3. More or less marked chronic passive congestion was found with 
moderate hemosiderosis in the spleen; inconspicuous amounts of hemo- 
siderin occurred in the lung. 

4. Occasional vessels contained thrombi composed of partly or 
entirely conglutinated or hyalinized erythrocytes. In the lung of two 
animals organized thrombi were found. 

5. Areas of bronchopneumonia, of doubtful origin, were encoun- 
tered. 

6. Areas of focal necrosis, inconspicuous in the heart and more pro- 
nounced in the liver, were seen. 

7. The lipoids of the suprarenals were at first increased in quantity ; 
later a slight exhaustion appeared. An ill-defined chromaffin exhaus- 
tion took place. 

8. Parenchymatous changes of mild degree were seen, but these were 
never of such degree as to interfere with the function of the various 
organs. 

9. These changes were produced by arsphenamin prepared by three 
different laboratories. 

In general it would appear that the primary changes produced by 
arsphenamin are vascular in nature and consist of more or less marked 
congestion and the production of numerous thrombi by conglutination 
of erythrocytes, which later may become more or less hyalinized. 

These vascular phenomena have been found in varying degree in all 
of the organs examined and have been most severe after the intra- 
venous injection of acid solutions of arsphenamin, and much less 
evident after the administration of the alkaline or disodium solution. 

The constitution of the thrombi are especially interesting in view 
of the theory of Danysz,® that carbon dioxid and sodium biocarbonate 


6. Danysz, W.: Ann. d. I’Inst. Pasteur 34:114, 1917. 
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of the blood change arsphenamin into an insoluble base with the pro- 
duction of emboli of precipitates, which later may be dissolved in 
part or entirely by the leukocytes and organic bases of the plasma; also 
in view of the theory of Berman,’ that an increase of the globulin 
fraction of the serum proteins in certain persons may result in their 
precipitation in vivo. In studies on these subjects previously referred 
to* the conclusion was reached that the theory of Danysz may be 
accepted as explaining in part the reactions caused by the intravenous 
injection of acid solutions of arsphenamin, to a lesser extent of con- 
centrated monosodium solutions, but not at all of solutions of disodium 


_ arsphenamin, because of the negative character of all tests with the 


latter solutions. 

As shown in the present studies, thrombi were found in practically 
all organs after the administration of solutions of acid and disodium 
arsphenamin; these thrombi were readily recognized as conglutinated 
masses of erythrocytes which later became hyalinized, due in part 
to hemolysis and autolysis. The characteristic and peculiar whorl- 
like construction and color of these masses caused by the administra- 
tion of acid solutions indicates that they may have been compesed of 
precipitates in addition to hemolyzing erythrocytes; the same is prob- 
ably true of the thrombi found after the administration of single large 
doses of solutions of disodium arsphenamin and to a lesser extent 
of those thrombi caused by the intravenous injection of multiple small 
doses of disodium arsphenamin. The relation of hemolysis to these 
intravascular phenomena is especially significant as arsphenamin itself 
is hemolytic, especially acid and disodium solutions in water.® 

Next to the vascular phenomena, varying degrees of degeneration 
and necrosis in parenchymatous organs were frequently conspicuous, 
especially among those animals surviving large amounts of arsphenamin 
for a sufficient time for necrotic changes to occur. Areas of necrosis 
of muscle cells were found in the heart; islands of necrotic liver and 
spleen were frequently conspicuous and pronounced nephrosis com- 
monly occurred. While a portion of these degenerative and necrotic 
changes may reasonably be ascribed to the effects of thrombosis and 


embolism, one cannot escape the conclusion that solutions of arsphen- 


7. Berman, W.: The Nitritoid Crisis after Arsphenamin Injections, Arch. 
Int. Med. 22:217, 1918. 


8. Schamberg, J. F.; Kolmer, J. A.; Raiziss, G. W., and Weiss, C.: Lab- 
oratory and Clinical Studies Bearing on the Causes of the Reactions Follow- 
ing Intravenous Injections of Arsphenamin and Neo-Arsphenamin, Arch. 
Dermat. & Syph. 38:235-256, 1920. 

9. Kolmer, J. A.. and Yagle, E. M.: Hemolytic Activity of Solutions of 
Arsphenamin and Neo-Arsphenamin, J. A. M. A, 74:643 (March 6) 1920. 
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amin are capable of direct tissue injury of varying severity, accord- 
ing to the size of the dose, nature of the solution and to some extent 
of the species of animal. 

The suprarenal changes of congestion and thrombosis, cellular 
degenerations and reduction in lipoid and chromaffin contents are 
particularly significant and indicate the important relation of supra- 
renal injury to arsphenamin therapy and the possibility of a rela- 
tion between changes in this organ and certain symptoms following at 
times the administration of this drug to human subjects. By reason 
of the practical importance of this subject, we are continuing this study 
by means of combined histologic and biochemical investigations. 

It is to be emphasized that the maximum changes were produced 
by large doses of acid or nonneutralized solutions of arsphenamin and 
by doses of solutions of disodium arsphenamin from eight to twelve 
times greater than the largest single dose commonly administered to 
human beings at one time; also that the administration of multiple 
small doses analogous to those given in the treatment of syphilis, pro- 
duced at the most such slight tissue changes as would not in all prob- 
ability influence the function of the various organs. The latter 
naturally possess a greater practical significance and interest. As pre- 
viously stated, these histopathologic changes have been produced in 
these experiments by arsphenamin from three different laboratories ; 
no differences were discernible in the effects according to the particular 
brand of arsphenamin employed. The researches of Ullmann *° indi- 
cate that the prewar salvarsan of German manufacture produced 
lesions of similar kind and degree as those found by us and described 


in this report. 


CONCLUSIONS 
1. The intravenous injection of lethal doses of acid non-neutralized 
solutions of arsphenamin in experimental animals produces widespread 
and severe vascular injury characterized by congestion, thrombus for- 
mation and hemorrhage; later cellular degeneration and necrosis take 
place. 

2. The intravenous injection of single large doses of solutions of 
disodium arsphenamin (ten times larger than the maximum amount 
administered to human beings at one time) produce severe vascular 
and tissue alterations, particularly in the liver, kidney, suprarenals 
and spleen. 

3. The intravenous injections of multiple therapeutic doses of solu- 
tions of disodium arsphenamin corresponding to doses of 0.6 gm. per 


10. Ullmann, K.: Experimentelles zur arsenwirkung auf die organe, Wien. 
klin. Wehnschr. 27:838-843, 1914. 
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60 kilos of body weight, produce inconspicuous tissue alterations that 
do not appear to be sufficiently pronounced to interfere with the func- 
tions of the organs. 

4. Detailed descriptions of the histologic changes found in the 
brain and meninges, heart, lungs, liver, kidneys, suprarenals and spleen 
are given. 

5. These changes were induced by arsphenamin prepared by several 
different laboratories. 


6. These histopathologic changes probably bear an important rela- 
tion to arsphenamin reactions and to methods of arsphenamin therapy. 


‘ 
7 
4 


A STUDY OF THE HISTOLOGIC CHANGES PRO- 
DUCED EXPERIMENTALLY RABBITS 


BY NEO-ARSPHENAMIN * 


JOHN A. KOLMER, M.D. 
Professor of Pathology and Bacteriology in the Graduate School of Medicine 
of the University of Pennsylvania, and Pathologist to the 
Dermatological Research Laboratories of Philadelphia 


AND 


BALDWIN LUCKE, M.D. 


Instructor of Pathology in the Medical School of the 
University of Pennsylvania 


PHILADELPHIA 


In the preceding article} we have summarized the histologic 
changes found in certain organs of rats and rabbits at varying intervals 
after the intravenous injection of solutions of arsphenamin in single 
large and multiple therapeutic doses. The purpose of the present 
article is to record the results of a similar study with solutions of 


neo-arsphenamin. 

This study has proved of much interest not only in relation to the 
subject of chemotherapy with arsenic compounds, but particularly by 
reason of its bearing on the choice of arsphenamin or neo-arsphenamin 
for the treatment of syphilis. As shown by Schamberg, Kolmer and 
Raiziss,? neo-arsphenamin injected intravenously is generally borne by 
white rats in a dose of 0.254 gm. per kilo of body weight and arsphen- 
amin in a dose of about 0.105 gm. per kilo, the latter being more than 
twice as toxic as the former for this animal under identical conditions. 


EXPERIMENTAL 


White rats and rabbits were employed in all experiments. Neo- 
arsphenamin was administered to rats by injection into the saphenous 
vein with a gravity apparatus, in the form of 4 per cent. solutions in 


*From the Dermatological Research Laboratories of Philadelphia and the 
McManes Laboratory of Pathology of the University of Pennsylvania. 

* Investigations aided by funds accruing from the preparation of neo- 
arsphenamin. 

1. Kolmer, J. A., and Lucke, B.: An Experimental Study of the Histo- 
logic Changes Produced Experimentally in Rabbits by Arsphenamin, Arch. 
Dermat. & Syph., this issue, p. 483. 

2. Schamberg, J. F.; Kolmer, J. A.. and Raiziss, G. W.: A Comparative 
Study of the Toxicity of Arsphenamin and Neo-Arsphenamin, Am. J. M. Sc. 
160: 188, 1920. 
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freshly distilled water at the rate of 0.5 c.c. per minute; rabbits were 
injected by means of a syringe into an ear vein. 

The majority of animals were killed at chosen intervals by a brief 
exposure to illuminating gas and the necropsy examinations performed 
at once; the remaining animals were usually examined within twelve 
hours after death. As described in our paper concerning the histo- 
pathologic changes produced by arsphenamin,' a brief (stupefying) 
exposure to illuminating gas did not produce any descernible tissue 
changes as determined by histologic studies conducted with a number 
of control animals, including both rats and rabbits. 

The following organs were removed and divided into two parts 
and placed in Orth’s fluid, and in 5 per cent. neutral formaldehyd: 
cerebrum, cerebellum, brain stem and meninges; heart, lungs, liver, 
kidneys, suprarenals and spleen. Paraffin and frozen sections were 
prepared from different parts of the organs and stained with hematoxy- 
lin and eosin. Special studies were made of the suprarenals in ref- 
erence to the chromaffin cells and also of the lipoid contents, frozen 
sections being stained with Herxheimer’s scharlach r for the latter. 


RESULTS 


MASSIVE DOSES 


PRODUCED BY SINGLE 
NEO-ARSPHENAMIN 


CHANGES 
OF 


HISTOLOGIC 


In determining the toxicity of neo-arsphenanin, white rats weigh- 
ing from 100 to 150 gm. were injected intravenously with 0.200 gm. 
per kilo of body weight in 4 per cent. solutions in distilled water at 
the rate of 0.5 c.c. per minute; this dose corresponds to 12 gm. per 
60 kilos, and 60 per cent. of the animals must survive at least seven 
days to pass the official Hygienic Laboratory test. Seven animals 
succumbing at varying intervals during these routine tests over twenty 
different lots of neo-arsphenamin have been examined histologically 
and included in this study; the duration of life of each of the seven 


animals chosen are shown in Table 1. 


TABLE 1.—Tue Intravenous INyecTION oF Rats witH SINGLE LARGE 
Dosrts or Nro-ARSPHENAMIN 


Weight, Gm. Sex Dose per Kilo Results 
100 M 0.200 Lived one day 
10 M 0.200 Lived two days 
te M 0.200 Lived five days 
135 F 0.200 Lived six days 
120 M 0.200 Lived eight days 
1m M 0.200 Lived nine days 
120 M 0.200 Lived twelve days 


Rabbits were also given intravenous injections of 0.200 gm. of 
neo-arsphenamin per kilo of body weight, dissolved in 10 c.c. of sterile 
distilled water; this dose corresponds to 12 gm. per 60 kilos of body 
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weight and is approximately fourteen times greater than the average 
dose given to human beings at one time in the treatment of syphilis. 
The animals were killed at varying intervals, as shown in Table 2, 
and the tissues examined histologically. 


TABLE 2.—Tue INTRAVENOUS INJECTION OF RABBITS WITH SINGLE 


in 10 C.c. 


Examined 3 days after injection 
Examined 5 days after injection 
Examined 7 days after injection 
Examined 12 days after injection 


Dose per Kilo Results 


A histologic examination of these tissues has shown the following 
changes : 

Cerebrum, Cerebellum, Brain Stem and Meninges.—Among the 
animals succumbing within two days after the injection, congestion of 
the vessels of the pia and to a lesser extent of brain tissue was found. 
In many of these vessels the erythrocytes were conglutinated or partly 
hyalinized. <A slight degree of perivascular and periganglionic edema 
was occasionally present. Numerous small hemorrhages in the sub- 
stance of the brain were also seen, more especially in the brains of 
rats. 

Among animals of both species surviving these periods of time, no 
changes at all were found, except more or less congestion and an occa- 
sional minute hemorrhage. The brain substance showed no discover- 
able alterations. 


Lungs —Among the animals succumbing within two days after 
injection, the lungs have shown congestion of marked degree and a 
few scattered thrombi of conglutinated erythrocytes. The congested 
capillaries rendered the alveolar walls prominent, but edema and hem- 
orrhagic extravasation into the interstitial tissue and sacs were only 
exceptionally found. 

Among animals surviving for longer periods, slight congestion of 
the capillaries was seen with inconspicuous mononuclear infiltration of 
the alveolar walls. The congestion became less extensive in propor- 
tion to the number of days the animal survived the injection. In three 
of the rabbits a peculiar sclerosis of the larger arteries was noted with 
considerable proliferation of the intima, which narrowed the lumen 
to a considerable degree. An organizing thrombus was found in one 
artery. Occasionally areas of pneumonitis were encountered; these 
were probab'y not produced by the medication, being commonly foun 
in experimental rats and rabbits. 

The pleura showed no changes. 
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Heart——Among the animals succumbing within one or two days 
after injection, great congestion with slight edema, conglutination of 
the erythrocytes and an occasional small hemorrhage constituted the 
important changes. 

Among animals surviving for longer periods similar but less marked 
vascular changes were found, but occasional areas of focal degene- 
ration of the muscle were encountered. In these areas the muscle 
cells appeared smooth and even vacuolated and had degenerated nuclei. 
Between the involved muscle fibers fairly dense accumulations of small 
and large round cells were seen. These changes were conspicuous 
in only two animals. 


Fig. 1—Liver from rat injected with a single large dose of neo-arsphena- 
min; death six days after injection. A small area of focal necrosis is shown. 
(Low dry lens magnification.) 


Numerous such areas were present. 


Liver—Among the animals succumbing within a day or two of 
injection marked congestion of the intralobular veins, and the presence 
of numerous thrombi composed of conglutinated and partly hyalinized 


erythrocytes constituted the most conspicuous lesions. Associated 
with this hyperemia was a slight degree of cloudy swelling of the liver 
cells, particularly in the central lobular areas. Many of the cells 


in these regions possessed a coarsely granular or irregularly vacuolated 
protoplasm, while little nuclear changes were seen. 

Among animals surviving for five days or longer, congestion and 
small thrombi were likewise found, but a more prominent change 
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embraced numerous small areas of necrosis irregularly distributed in 
the lobules, and apparently not occurring in any constant lobular zone. 
These areas were rounded and involved approximately only from 30 
to 40 hepatic cells (Fig. 1.). They stained rather lightly with eosin, 
were usually granular but sometimes quite smooth and homogeneous, 
and were occasionally flooded with red blood corpuscles. Slight leu- 
kocytic infiltration was occasionally noted in these areas; this was more 
pronounced in animals that survived over ten days. 

The periportal tissues showed no constant changes; the bile ducts 
appeared unchanged. 

Kidneys.—These have usually shown profound changes, the kind 
and severity depending on the duration of life after the injection of 


Fig. 2—Kidney from rat injected with a single large dose of neo-arsphena.- 
min; death after twenty-four hours. The capillary loops of the glomerular 
tuft shown are widely distended and occluded with conglutinated and partly 
hyalinized erythrocytes. Many of the convoluted tubules possess degenerated, 
often frankly necrotic, epithelial lining; the tubular lumen contains granular 
albuminous débris. (High dry lens magnification.) 


the drug. As a general rule, the changes occurring in the kidneys of 
rats and rabbits were similar, but were greater in the former. 

Among animals succumbing within one and two days after injection, 
vascular changes were most prominent. The glomeruli were large, the 
capillary tufts being distended, their component capillaries containing 
numerous thrombi of conglutinated and hyalinized erythrocytes (Fig. 
2). The capillary endothelium was often swollen, stained poorly and 
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apparently was undergoing degeneration. The capsules of Bowman 
showed no change other than slight swelling of the lining cells; the 
capsular spaces were either completely filled by the distended tufts or 
else contained small amounts of edematous fluid. Congestion was 
most profound in the boundary zone, and numerous small hemorrhage; 
were widely distributed; slight intertubular edema was found. Con- 
glutination and hyalinization of erythrocytes were everywhere present. 
The epithelium of the convoluted tubules, particularly in the outer cor- 
tex, was swollen, granular, often completely necrotic and desquamated. 
Hyaline droplets were often seen, and frequently casts obstructed the 
various tubules. 


Fig. 3.—Kidney from rat injected with a single large dose of neo-arsphena- 
min; death after six days. Necrosis of lining epithelium of convoluted tubules. 
(High dry lens magnification.) 


Within forty-eight hours of the time of injection profound tubular 
changes were apparent; many of the convoluted tubules especially 
showed frankly necrotic epithelium contrasting sharply with the well 
preserved lining of the collecting tubules. Hyaline droplets were fre- 
quently found in the tubules; likewise granular debris and erythrocytes 
Vascular changes were still prominent and similar to those already 
mentioned. 
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Among animals surviving three to four days the vascular changes 
were less prominent but were still conspicuous; tubular necrosis was 


even more pronounced, especially in the convoluted portions. 

Among animals surviving five or six days, hyperemia was less 
marked but numerous hemorrhages were found throughout. 

The glomeruli were generally small with shrunken and often frag- 
mented tufts; the capsular spaces were frequently filled with cellular 
débris, and the lining cells of the capsule were somewhat swollen. 

Tubular necrosis was especially severe, and practically none of the 
tubules in the cortex escaped; the convoluted portions especially were 


Fig. 4+—Kidney from rat injected with a single large dose of neo-arsphena- 
min; death six days after injection. Frank tubular necrosis; deposition of 
calcium salt (black in photograph) in necrotic cells of some tubules. (High 
dry lens magnification. ) 


so necrotic that even the basement membranes were indistinct. A 
large degree of calcium infiltration was found in the necrotic portions, 
the earliest deposit being near the basement membranes of the involved 
tubules (Figs. 3 and 4). 

Among animals surviving nine days or longer, slight congestion was 
found and patchy rather than generalized tubular necrosis, with evi- 
dence of beginning repair. 
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Suprarenals—Among the animals succumbing within one or five 
days, pronounced depletion of both lipoid granules and chromaffin were 
seen ; among animals surviving over ten days there were great varia- 
tions in histologic appearances but with an apparent tendency toward 
restoration of lipoid and chromaffin. Considerable congestion of the 
medullary portions were seen in animals dying after a few days. Slight 
necrosis of the cells of the middle zone of the cortex was found in 
several animals surviving five days or longer. 


Spleen.—Among the animals succumbing within two days, conges- 
tion and numerous thrombi of conglutinated erythrocytes were seen. 
Among animals surviving longer intervals there was less hyperemia, 
but considerable hemosiderin was found both free and in large phago- 


cytic cells. Occasionally areas of pulp necrosis were found flooded 
with erythrocytes. In animals surviving ten days or longer there were 
evidences of proliferation of the fibrous tissue reticulum, probably due 
to passive congestion. Many megalokaryocytes were encountered. 


PRODUCED BY MULTIPLE THERAPEUTIC 


OF NEO-ARSPHENAMIN 


CHANGES 
DOSES 


ILISTOLOGIC 


Rats were given from five to ten intravenous injections of neo- 
arsphenamin in the form of 1 per cent. solutions in distilled water 
in doses of 0.020 gm. per kilo of body weight every three or four 
days; this dose corresponds to 1.2 gm. per 60 kilos, which is slightly 
greater than the amount usually administered to human beings at 
one time, namely, 0.9 gm. Table 3 shows the number of injections 
given. 


TABLE 3.—Tue INTRAVENOUS INJECTION OF RATS WITH SOLUTIONS OF 
Neo-ARSPHENAMIN Every THREE Days 


Weight, Gm. Sex Dose per Kilo Injections 


120 Male 0.020 10 
110 Female 0.020 10 
9 Male 0.020 10 
9% Female 0.020 10 
130 Male 0.020 6 
130 Male 0.00 3 


Rabbits were given from five to eighteen intravenous injections of 
neo-arsphenamin at intervals of three to four days in a dose of 0.030 
gm. per kilo dissolved in 5 c.c. of sterile distilled water; this dose 
corresponds to 1.8 gm. per 60 kilos, which is double the maximum 
amount administered to human beings at one time. Table 4+ shows 
the number of injections given and the influence on body weight. 

The following histologic changes were found: 


Cerebrum, Cerebellum and Meninges—The only noteworthy 
changes were a slight degree of passive congestion of the pia with a 
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few small thrombi of conglutinated erythrocytes; occasionally small 
areas of hemorrhagic extravasation in the meninges were encountered. 

The vessels in the brain substance were likewise occasionally 
engorged and surrounded with edematous zones; there were no evi- 
dences of leukocytic infiltration or noteworthy changes in the ganglionic 


cells. 


TABLE 4.—Tue INTRAVENOUS INJECTION OF RABBITS WITH MULTIPLE 
Doses or Nro-ARSPHENAMIN 


Dose per kilo, 0.030 C.e. 


Weight on Days of Injection 


tite 2,100 2.090 1,870 1,920 1,745 1.590 
2.055 2.070 1,815 1,865 1,760 1,655 

1,930 2,075 1,680 1,785 1,725 1,530 

Diicdaadunatucin<ieimiceg 1,970 1,990 1,610 1,750 1,690 1,520 

2.040 2.000 1,595 1,740 1,770 1,590 

Exam. Exam. 1,730 1,890 1,860 1,630 

estes 1,650 1,699 1,750 1,550 

ore 1,560 1,840 1,640 
1,775 


Lungs.—In the animals receiving the maximum number of injec- 
tions passive congestion with early fibrosis constituted the principal 
changes. Occasionally the congested capillaries contained small masses 
of hyalinized red blood corpuscles. The alveolar walls were generally 
slightly thickened, their capillaries tortuous and protruding into the 
air sacs as budlike projections. Small areas were found to be collapsed 
and the neighboring regions frequently showed distended sacs of com- 


pensatory emphysema. 

Some of the larger arteries presented slight evidences of prolifer- 
ating endarteritis with partial obliteration of their lumena ; others have 
shown changes in the cells of the mesial coat with nuclear degen- 
erations. These lesions are probably “spontaneous.” 

The pleura and bronchi have shown no changes. 

Heart.—Lesions were frequently encountered, especially among 
the rats. The changes were in the nature of irregularly distributed 
minute focal or patchy areas of atrophy or degeneration of muscle cells 
with mononuclear cell infiltration. In one such area, measuring about 
300 microns in diameter, bluish granular material was found in the 
necrotic muscle cells closely resembling calcium infiltration, such as is 
known to occur in degenerated heart muscle. 
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Aside from these areas of focal necrosis, the vessels were frequently 
congested and occasionally contained thrombi of conglutinated erythro- 
cytes ; in some instances the lining endothelium of the arteries appeared 
swollen. 

Liver—Among the rats changes were usually found in the nature 
of multiple foci of necrosis; among the rabbits these changes were 
much less pronounced. 


Fig. 5.—Suprarenal from rabbit injected with six small doses of neo-ars- 
phenamin. The cortical lipoids (stained with scharlach r; black in photo- 
graph) are greatly increased in quantity, all the cortical zones containing con- 
siderable excess. (Dry low power magnification. ) 


As a general rule, the necrotic areas involved only a portion of a 
lobule and were irregularly located ; occasionally, however, a necrotic 
area involved groups of lobules. These areas were generally of a 
rounded shape and consisted of a granular pinkish detritus with fatty 
vacuoles and nuclei in various stages of necrosis. Frequently a well 
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marked leukocyti¢ infiltration was seen with beginning fibrous tissue 
repair, which gave these areas a cellular appearance. 

In the perilobular tissues the bile ducts presented no great alter- 
ations from the normal; the vessels, however, usually showed some 
hyperemia and the surrounding tissues presented slight mononuclear 
infiltration with inconspicuous fibrosis. 

Kidneys.—The changes in both rats and rabbits were generally 
mixed vascular and tubular in type and of a mild rather than severe 
degree. 


Fig. 6.—Suprarenal from rabbit injected with eleven small doses of neo- 
arsphenamin. The cortical lipoids (stained with scharlach r; black in photo- 
graph) are somewhat reduced in quantity, the reduction being more pro- 
nounced in the inner cortical zones. The zona glomerula still contained an 
excess of lipoid material. (Very low magnification. ) 


The capillaries of the glomeruli were generally moderately dis- 
tended, as were likewise the vessels in the boundary zone. The cap- 
sules showed no changes other than occasionally a slight proliferation 
of the lining cells; proliferation of the glomerular endothelium also 
occurred giving the tufts a more cellular appearance. This occurred 
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particularly in the animals receiving the maximum injections. Small 
interstitial hemorrhages were sometimes seen. 

The parenchymatous changes were principally in the nature of 
cloudy swelling of the epithelial cells of the convoluted tubules ; slight 
vacuolization and desquamation were occasionally seen. A few tubules 
contained casts of albuminous material and masses of erythrocytes. 
Definite necrotic changes were never seen. 


Fig. 7.—Suprarenal from rabbit injected with fifteen small doses of neo- 
arsphenamin. The cortical lipoids (stained with scharlach r; black in photo- 
graph) are greatly reduced in quantity, the reduction being more apparent in 
the zona fascicularis. (Very low power magnification.) 


Suprarenals—These organs have not shown pronounced changes. 
Generally some passive congestion was found in the medullary portions. 
In the animals which received few injections a pronounced increase 
in the size, as well as the amount, of the cortical lipoids was found 
(Fig. 5); in animals receiving a large number of injections a gradual 
lipoid depletion was observed (Fig. 6). This depletion was generally 


great when the maximum number of doses were given (Fig. 7). 
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In some animals there appeared to be a decrease of chromaffin; 
in others an increase, and in others a normal amount, as compared 
with the controls. 

Spleen—The principal changes were passive congestion, hemosider- 
osis and early fibrillar fibrosis (Fig. 8). Areas of pulp were flooded 
with poorly outlined erythrocytes, and the sinuses frequently showed 
swollen endothelial cells and numerous phagocytes, carrying erythro- 
cytic fragments and pigment. 

Among the animals receiving ten or more injections, the splenic 
reticulum and the walls of veins were somewhat more prominent. 


Fig. 8—Spleen from rabbit injected with fifteen doses of neo-arsphenamin. 
Considerable quantities of hemosiderin occurring in thick clumps, as well as 
fine granules, are present (stained black in photograph). The large round 
areas are splenic follicles out of focus. (Low dry lens magnification.) 


SUMMARY AND DISCUSSION 


While considerable variation was found in the degree of histo- 
pathologic changes occurring in the various organs of individual ani- 
mals, the changes in rats and rabbits were similar and may be briefly 
summarized thus: 

Changes Produced by the Intravenous Injections of Single Massive 
Doses of Neo-arsphenamin (0.200 per Kilo or 12 gm. per 60 Kilos 
Being About Fourteen Times the Average Human Dose).—1. The tis- 
sue alterations varied with the number of days the animals survived 
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the injections, being most pronounced in those which lived for five 
or more days. 

2. Degenerative changes predominated over the vascular changes. 
In the liver cellular degeneration and irregularly distributed focal necro- 
sis were found. There was marked renal necrosis with deposition of 
calcium; occasional areas of focal necrosis were found in the heart 
and the spleen. In the suprarenal alterations in lipoid and chromaffin 
contents were marked. 

3. Vascular changes occurred, particularly in animals dying within 
a few days, more or less congestion and thrombosis being present. 
Occasional capillary hemorrhages were found. 

4. These changes were produced by neo-arsphenamin prepared by 
several different laboratories. 

Changes Produced by the Intravenous Injection of Multiple 
Simall Doses of Neo-arsphenamin (0.02 to 0.03 per Kilo Equiva- 
lent to 1.2 to 18 gm. per 60 Kilos Being Two to Three Times the 
Amount Administered to Human Beings at One Time).—1. The lesions 
in this series were slight, and were least in those animals that received 
the fewest number of injections. 

2. A slight connective tissue proliferation was found in the lungs, 
spleen and liver of the animals receiving the largest number of 
injections. 

3. More or less chronic passive congestion was observed ; moder- 
ate hemosiderosis was present in the spleen. , 

4. Occasional vessels were occluded with conglutination or hyaline 
thrombi. 

5. Small areas of focal necrosis and cellular infiltration were found 
in the heart and the liver. 

6. Alterations of the suprarenal lipoids and chromaffin were seen. 

7. Parenchymatous tissue changes were of mild degree and never 
of such type as would presumably interfere with the function of the 
organ, 

&. These changes were produced by neo-arsphenamin prepared by 
several different laboratories. 

Comparison with similar studies made with arsphenamin* have 
shown that massive single and multiple small doses of neo-arsphena- 
min produce histopathologic changes in the various organs of rats and 
rabbits to those produced by arsphenamin, but of lesser severity. 

The vascular changes are similar but less extensive: Thrombi were 
found, but their production is more difficult to explain. Neo-arsphena- 
min in contradistinction to arsphenamin is not hemolytic in vitro, 
although solutions in water may be hemolytic unless prepared in such 
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a manner as results in isotonicity.* Precipitates do not trsually form 
in vitro when solutions of neo-arsphenamin are added to serum proteins 
or to solutions of various salts as bicarbonates and phosphates. Danysz 
has stated that novarsenobenzol (neo-arsphenamin) is only precipitated 
in the blood stream under exceptional circumstances when the amount 
of phosphates in the blood is much higher than normal. The thrombi 
are composed of conglutinated erythrocytes which later assume a 
smooth hyaline appearance, but the cause of their production by the 
intravenous injection of solutions of neo-arsphenamin is not clear ; 
hemolysis probably played some part as the solutions used in these 
experiments were not isotonic. 

The cellular degenerations and necrosis found in the heart, live~ 
and kidneys were similar to those found in the arsphenamin series, but 
usually of lesser degree. 

It is to be emphasized, as in the preceding article, that these lesions 
were produced by relatively large doses of neo-arsphenamin from three 
different manufacturers, and it is hoped that the results will not create a 
false or unfavorable impression of the drug; the important practical 
deductions to be drawn from these studies, aside from their relation 
to the general subject of chemotherapy with arsenical compounds are, 
that in relation to dosage, neo-arsphenamin is less likely to produce 
tissue injury than arsphenamin, but that more information is desirable 
and necessary on the questions of dosage and elimination of both com- 
pounds, so that either may be employed in the treatment of disease 
with least possibility of producing injury. 

From the standpoint of tissue injury alone, it would appear, there- 
fore, that neo-arsphenamin is somewhat more desirable for the treat- 
ment of syphilis than arsphenamin, but other factors are to be con- 
sidered and the subject is ably discussed from the clinical standpoint 
by Dr. Schamberg.t* Neo-arsphenamin in a single massive dose (0.200 
gm. per kilo) produced somewhat less marked histologic changes than 
single large doses of arsphenamin (0.100 gm. per kilo); likewise in 
smaller multiple doses neo-arsphenamin (0.02 to 0.03 gm. per kilo) 
produced similar but even less conspicuous tissue injuries than arsphen- 
amin (0.01 gm. per kilo). 

CONCLUSIONS 

1. The intravenous injection of single massive and multiple smaller 

doses of neo-arsphenamin into rats and rabbits produces vascular 


3. Kolmer, J. A., and Yagle, E. M.: Hemolytic Activity of Solutions of 
Arsphenamin and Neo-Arsphenamin, J. A. M. A. 74:643 (March 6) 1920. 

4. Schamberg, J. F.: Clinical Commentary on Studies of. Histologic 
Changes in Organs Induced by Arsphenamin, by Neo-Arsphenamin and by 
Mercury, Arch. Dermat. & Syph.. this issue, p. 571. 
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injury, cellular degenerations and necrosis similar to those produced 
by solutions of disodium arsphenamin. The histologic changes found 
in the cerebrum, cerebellum, brain stem, meninges, heart, lungs, liver 
kidneys, suprarenals and spleen are described. 

2. The tissue changes produced by neo-arsphenamin are less severe 
than those produced by solutions of disodium arsphenamin when con- 
sidered in relation to dosage per kilo of body weight. 

3. The changes described were produced in equal degree and with 
equal frequency by neo-arsphenamin prepared by different laboratories. 
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STUDY OF THE HISTOLOGIC CHANGES PRO- 
DUCED EXPERIMENTALLY RABBITS BY 
MERCURIAL COMPOUNDS * 


JOHN A KOLMER, M.D. 
Professor of Pathology and Bacteriology in the Graduate School of Medicine 
of the University of Pennsylvania, and Pathologist to the 
Dermatological Research Laboratories of Philadelphia 


AND 
BALDWIN LUCKE, M.D. 


Instructor of Pathology in the School of Medicine, 
University of Pennsylvania 


PHILADELPHIA 


As shown in the preceding articles,’ the administration of arsphena- 
min and neo-arsphenamin to rabbits by intravenous injection in multiple 
small doses comparable with those given to human beings according 
to body weight may result in the production of certain tissue changes 
in the internal organs. By reason of the practical importance of these 
changes in relation to the treatment of syphilis, Dr. Jay F. Schamberg 
suggested that we conduct a similar study of the mercurial compounds 
commonly administered in the treatment of syphilis, which would per- 
mit a comparison of the kind and extent of the histologic changes pro- 
duced by these preparations with those produced by arsphenamin and 
neo-arsphenamin. 

It is well known that preparations of mercury may exert injurious 
effects on the kidneys and that careful examinations of the urine are 
indicated during the treatment of syphilis with these preparations for 
evidences of renal irritation. In a previous study by one of us 
(Kolmer) of these lesions produced experimentally in rabbits,’ well 
defined tubular and diffuse nephrites were commonly found, the severity 
of the lesions bearing some relation to the kind of compound admin- 
istered, the percentage of mercury contained and the duration of life. 


*From the Dermatological Research Laboratories of Philadelphia and the 
McManes Laboratory of Pathology of the University of Pennsylvania. 

* Investigation aided by funds accruing from the preparation of arsphenamin. 

1. Kolmer, J. A., and Lucke, B.: A Study of the Histologic Changes 
Produced Experimentally in Rabbits by Arsphenamin, Arch. Dermat. & Syph.. 
this issue, p. 483. Ibid.: A Study of the Histologic Changes Produced 
Experimentally in Rabbits by Neo-Arsphenamin, Arch. Dermat. & Syph., this 
issue, p. 515. 

2. Schamberg, J. F.; Kolmer, J. A., and Raiziss, G. W.: A Study of the 
Comparative Toxicity of the Various Preparations of Mercury, Jour. Cutan. 
Dis., December, 1915. 
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A few reports are to be found in literature bearing on the nephritis 
produced by mercuric chlorid; an excellent study of experimentally 
produced nephritis has been made by Elbe,* Burmeister and McNally ‘ 
and MacNider.* These investigators have considered the kidney 
lesions dependent on the action of the mercury on the vascular tissues of 
the kidney, to the action of the metal as such on the parenchyma 
during elimination or to shock associated with severe mercury enter- 
itis and the development of acid intoxication. 


PURPOSES OF INVESTIGATION 


Our purpose was to study the histologic changes produced in some 
of the internal organs of rabbits by different preparations of mercury 
administered by mouth and inunction and by intramuscular and intra- 
venous injection, as commonly employed in the treatment of syphilis. 
In our studies bearing on the histologic changes produced in the rabbit 
by arsphenamin and neo-arsphenamin, massive doses were administered 
to intensify the pathologic changes, in addition to multiple small doses, 
but in this investigation only small doses of the mercurials were admin- 
istered comparable with the maximum therapeutic doses commonly 
employed in the treatment of syphilis. 


EXPERIMENTAL 


Adult rabbits were employed in all experiments. 

Necropsy examinations of the majority of animals were made at 
chosen intervals, and the following organs placed in 2 per cent. neu- 
tral liquor formaldehydi or in Orth’s fluid for fixation followed by 
the preparation of paraffin sections stained with hematoxylin and eosin: 
cerebrum, cerebellum and brain stem, meninges, heart, lungs, spleen, 
liver, kidneys, and suprarenal glands. When animals died during 
the term of an experiment, necropsy examinations were performed 
within a few hours. 


3. Elbe: Die Nieren und Darmveranderungen bei der sublimat Vergiftung 
des Kaninchens in ihrer Abhangigkeit vom gefassnerven System, Virchows Arch. 
f. path. Anat. 182:445-498, 1905. 

4. Burmeister, W. H., and McNally, W. D.: Acute Mercury Poisoning. A 
Parallel Histological and Chemical Study of the Renal and Hepatic Tissue 
Changes as Compared with the Rapidity of Absorption and the Amount of 
Mercury Present in the Circulating Blood at the Time Such Changes Occur, 
J. Med. Research 36:87, 1917. 

5. MacNider, W. deB.: A Study of Acute Mercuric Chlorid Intoxications 
in the Dog. with Special Reference -to the Kidney Injury, J. Exper. Med. 27: 
519-538, 1918. 
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Part One: HisToLtoGic CHANGES PRODUCED BY THE INTRA- 
MUSCULAR INJECTION OF INSOLUBLE PREPARATIONS 
OF MERCURY 


Three rabbits received from six to twelve intramuscular injections 
of salicylate of mercury in sterile olive oil in dose of 0.002 gm. per 
kilogram of weight which is equivalent to 0.120 gm. or about 2 grains 
per 60 kilos or 130 pounds; the injections were made at intervals of 
one week in the muscles of the thighs. 

Three rabbits received from four to six intramuscular injections 
of calomel in sterile olive oil in the same amounts and in the same 
manner as the salicylate of mercury. 

Three rabbits received from eight to fourteen intramuscular injec- 
tions of mercurial oil (gray oil) in the same amounts and in the same 
manner as the salicylate of mercury and calomel. 

Table 1 shows the total number of injections given and the influence 
on the duration of life of each animal. 


TABLE 1.—INTRAMUSCULAR INJECTION OF INSOLUBLE MERCURIAL PREPARA- 
TIONS IN A Dose or 0.002 Gm. Per Kito ONcE A WEEK 


Total 
Amount of Number Amount of 
: Pure of Pure 
Weight, Compound Mercury Injec- Mercury Results 
Gm. per Kilo tions Adminis- 
per Dose tered per 
Kilo 


1,330 0.0012 6 0.0072 Living 
1,420 0.0012 12 0.0144 Living 
1.00 0.0017 4 0.0068 Died 
2,300 0.0017 6 0.0102 Died 
1,500 0.0017 9 0.0153 Died 
3,500 Mercurial oil (gray oil).......... 0.002 11 0.022 Living 
1,680 Mercurial oil (gray oil).......... 0.002 | s 0.016 Died 
1.800 Mercurial oil (gray oil).......... 0.002 13 0.026 Living 


I. HISTOLOGIC CHANGES PRODUCED BY THE INTRAMUSCULAR 


INJECTIONS OF SALICYLATE OF MERCURY 


Cerebrum, Cerebellum, Brain Stem and Meninges—No conspic- 
uous tissue changes were found. There were no notable vascular 


engorgement, no thromboses or focal hemorrhages. In one animal 


which had received nine injections, several small vessels were sur- 


rounded by jackets of small round cells, occasionally four to six layers 
in thickness. The ganglion cells generally presented normal 


appearance. 


Heart—The pericardium and endocardium were normal. There 
Was no increase of interstitial tissue in the myocardium. The blood 


vessels presented no changes, the heart muscle fibers stained we'll, 
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possessed clear nuclei and showed normal striations. No infiltrating 


cells were seen. 

Lung.—The pleural surfaces were normal. All animals showed 
a slight engorgement of the alveolar capillaries, particularly one animal 
which died after nine injections. In this animal many of the air sacs 
were filled with edematous fluid. There were nowhere any areas of 
consolidation or fibrous tissue overgrowth. A few blood vessels con- 
tained smooth, hyaline material. Aside from slight congestion asso- 
ciated in one instance with moderate edema, no tissue changes were 
induced. 

Spleen—The capsule.and trabeculae were normal. The follicles 
were of average size, well defined and occasionally showed prominent 
germinal centers. A moderate engorgement of the blood vessels was 
present. The pulp cords were of average width and contained the 
usual type of splenic cells. Hemosiderin pigment was nowhere pres- 
ent. The fibrillar reticulum appeared normal. 

Liver—The external capsule was normal. There was no increase 
of periportal connective tissue; the biliary ducts were normal. The 
blood channels were moderately filled with well preserved erythrocytes. 
The liver cells were well defined, stained well and possessed normal 
nuclei. No pigment deposits were present. One animal presented a 
curious condition ; the liver cells were large, averaging about twice their 
normal size. Their outlines were unusually distinct. The cell proto- 
plasm appeared absent or consolidated into coarse granules. The 
nuclei, however, were well preserved and showed no changes. It 
seemed as if the cells were distended and their protoplasm had become 
clumped together or had entirely disappeared. Since some normal con- 
trol rabbits showed an identical condition, this change cannot be attrib- 
uted to the medication and no further discussion of the condition 
is warranted. 

Kidneys.—The renal capsules were unaltered. In none of the ani- 
mals were there any noteworthy vascular changes, but all animals 
presented tubular degeneration, differing in degree according to the 
number of injections received. In the rabbits which received six injec- 
tions the cells of the convoluted tubules were generally slightly swollen 
and somewhat granular. Occasional anuclear cells, often with many 
irregular small vacuoles, were found. Frequently the cell changes 
appeared to be irritative rather than degenerative. The glomeruli were 
moderately engorged and unaltered. In the animal which received nine 
injections the cells of the convoluted tubules and to a lesser degree of 
the thick portions of Henle’s loops, possessed irregular outlines, were 
swollen or shrunken, frequently contained many minute vacuoles or 
coarse granules and were frequently anuclear. Often a more or less 
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granular precipitate or hyalin material filled or partly filled the tubular 


lumena. The glomeruli occupied about four fifths of the capsular 
spaces and their loops were well filled; endothelial proliferation was 
not apparent. The capsular spaces frequently held some granular or 
hyaline precipitate. One portion of the kidney showed a thin trian- 
gular streak of richly cellular connective tissue extending from the cor- 
ticomedullary junction to the periphery. The tubules in this region had 
entirely disappeared ; a few glomeruli could be still recognized as more 
or less fibrous nodules with greatly thickened capsular remnants. This 


Fig. 1—Rabbit; twelve intramuscular injections with salicylate of mercury. 
Kidney: Some tubules contain plugs of calcium salts; the epithelial lining of 
such tubules is necrotic and heavily infiltrated with lime granules. The sec- 
tion was taken from the outer cortex where calcification was most frequently 
encountered. 


young scar tissue closely resembled a healed infarct. In the rabbit that 
received twelve injections distinct degenerative changes were apparent. 
The cells of the convoluted portions, particularly in the outer cortex, 
were swollen and granular, or vacuolated and shrunken. Many anu- 
clear and frankly necrotic tubules were seen ; these often contained plugs 
of calcium deposits (Figs. 1 and 2). In some of the disorganized cells 
fine granules of lime were encountered. While these changes were pro- 
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nounced in a few places, only relatively small areas of the kidney 
parenchyma were entirely destroyed; regeneration of cells was fre- 
quently seen. 

The glomeruli generally filled about four fifths of the capsular 
spaces and presented no notable alteration excepting the presence of 
granular or hyaline precipitate in the capsular spaces (Fig. 3). Many 
of the thick portions of Henle’s loops showed swollen, granular or 
vacuolated cells; the collecting tubules appeared normal. 


Suprarenal.—Sections of the suprarenal glands did not show any 
constant or well defined changes from the normal. 


INTRAMUSCULAR 


PRODUCED BY THE 
OF CALOMEL 


CHANGES 
INJECTICN 

Cerebrum, Cerebellum, Brain Stem and Meninges.—As in the ani- 
mals which received salicylate of mercury, conspicuous changes were 
not found in the central nervous system. Occasionally more or less 
marked perivascular lymphocytic infiltration was encountered; other- 
wise there were no vascular or cellular alterations, 

Heart.—Only one rabbit, succumbing after nine injections, showed 
tissue changes. In several places there were rather small, poorly stain- 
ing areas in the outer half of the right ventricular wall. The muscle 
cells here were poorly outlined and swollen and contained many fairly 
well circumscribed small vacuoles. The muscle nuclei in the affected 
fibers were frequently pale and pyknotic, and sometimes entirely absent. 


Il. HISTOLOGIC 


Lungs.—Pleural changes were not produced. Only in the one ani- 
mal that died after nine injections were definite morbid changes to be 
seen. Here the majority of the air spaces were filled with a smooth 
or occasionally finely granular material containing a moderate number 
of erythrocytes in various stages of lysis. Occasionally other cells 
were encountered in this apparently mechanical transudate. There 
were likewise no inflammatory cells within the lumena of the bron- 
chial tubes, but many of these branches contained material similar to 
that in the air spaces. The alveolar capillaries were moderately con- 


gested. Changes were not present in the interstitial tissues. 


Spleen.—In two animals large quantities of coarsely granular, 


golden brown pigment (hemosiderin) was found scattered throughout 
' the pulp cords and the reticular framework. The pigment granules 
frequently occurred in the form of thick clumps, but occasionally fine 


dustlike material was seen engulfed by large endothelial phagocytes 
(Fig. +). The blood channels were moderately dilated and contained 
many fragmented erythrocytes. “Shadow-cells” were quite prominent. 
No foreign cells were seen in noteworthy numbers, nor were there any 
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striking changes in the appearance of the splenic cellular elements. The 
walls of the venules appeared more prominent in the one animal that 
had received nine injections. The follicles in all the animals were of 
normal size or slightly increased and well outlined. Their germinal 


Fig. 2.—Rabbit; twelve intramuscular injections with salicylate of mercury. 
Kidney: This is a higher power photograph of the preceding illustration 
(Fig. 1). Three tubules containing plugs of calcium salts and calcified necrotic 
cells are shown. The lining cells of most of the other convoluted tubules are 
cloudy, swollen and frequently contain fine (fat) droplets. The nuclei often 
take a pale stain. 


centers were occasionally very large. The arteries showed no struc- 
tural alterations. 

Liver—The periportal connective tissue in one animal appeared 
slightly increased in quantity ; the individual cells were larger than nor- 
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mal and possessed a fair amount of protoplasm with pale vesicular 
nuclei. This connective tissue proliferation, however, never assumed 
striking proportions. The sinusoids were moderately engorged and 
many fragmented erythrocytes were encountered. The cells generally 
were normal in size and staining quality, although in one animal there 
was some cloudy swelling. No conspicuous blood or bile pigment was 
to be found. The biliary ducts were normal. 

Kidneys.—The kidneys of the two animals which succumbed after 
four and six injections presented only slight changes. There was no 
noteworthy increase of interstitial connective tissue, only a few glomeruli 


Fig. 3.—Rabbit; twelve intramuscular injections with salicylate of mercury. 
Kidney: The glomerular space contains granular, eosin-staining precipitate 
(albuminous fluid). Similar material is present within the lumena of many 
of the convoluted tubules. The renal cells are swollen and often possess a pale 
staining nucleus; absence of the nucleus is frequently encountered. 


showing a little new formed pericapsular fibrous tissue. The larger 
vessels possessed normal walls. The glomerular capillaries were well 
filled ; no increased cellularity was seen. Many convoluted tubules pos- 
sessed swollen, granular and finely vacuolated cells ; a moderate number 
presented nuclear degeneration. 

In the animal which received nine injections the renal changes were 
marked and striking. There was a definite increase of interstitial tis- 
sue, the component elements being chiefly young and cellular. This 
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fibrosis was chiefly local and occurred in stitch-like triangular areas with 
the base of the triangle at the cortical periphery and the apex in the 
outer half of the medulla. The renal tubules in such regions were 
either collapsed and presented only narrow clefts or widely dilated 
cystlike structures (Fig. 5). In the latter case the tubular cells were 
of the normal flat and compressed type; many were partially degene- 
rated. Where the fibrosis was less marked or not apparent, the con- 
voluted tubules generally had more or less degenerated lining cells. 
The degree of retrogression varied from a mere cloudy swelling to 


\ 


protoplasmic vacuolation (“fatty degeneration”) and frank necrosis. 


Fig. 4.—Rabbit; four intramuscular injections with calomel. Spleen: Con- 
siderable hemosiderosis is present (black in photograph). The hemosiderin 
granules occur as fine particles within phagocytic cells and as coarser granules 
free in the tissue. Some animals of other series presented a more marked 
pigmentation. 


Casts of desquamated and necrotic cells were sometimes seen. In a 
number of tubules conglutinated masses of erythrocytes were present. 
Calcium granules were nowhere definitely seen, but a few cells took a 
deep basic stain indicating possible enrichment with lime salts. As 
a rule, the convoluted tubules were especially injured, but the straight 
tubules also had some swollen cells with indistinct outlines. 

The capillaries were moderately engorged and often contained agglu- 
tinated erythrocytes. Many glomerular loops were collapsed and in 
some instances the entire tuft was shrunken. The capsular spaces 
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sometimes contained precipitated albuminous fluid and occasionally a 
few erythrocytes. No swelling of the capsular epithelium was noted. 
The capsules were nowhere definitely thickened but a slight pericapsular 
fibrosis was sometimes encountered. 


Ill. HISTOLOGIC CHANGES PRODUCED BY THE INTRAMUSCULAR 
INJECTION OF MERCURIAL OIL (GRAY OIL) 


Cerebrum, Cerebellum, Brain Stem and Meninges——There were 
more pronounced alterations in this series than in the two preceding 
groups, possibly due to the fact that the animals received a greater 
number of injections. The arachnoid was more or less infiltrated with 
small round cells often grouped about blood vessels (Fig. 6). A slight 


Fig. 5—Rabbit; nine intramuscular injections with calomel. Kidney: A 
cortical area of fibrosis, cystic dilatation of tubules, tubular collapse and small 
round cell infiltration. Such areas are now and then encountered in the cortex. 
It must be remembered that “normal” rabbits are prone to develop renal scle- 
rosis, and it is therefore sometimes difficult to decide whether such lesions 
are the result of the experiment. In a considerable number of control rab- 
bits fibrotic areas in the kidney were encountered less frequently than among 
the experimental animals. In the experimental lesions there was usually a 
more or less marked small round cell infiltration, while this was little in 
evidence in the renal scars of control rabbits. 


edema was present. Many of the vessels here, as well as in the brain, 
were distended with conglutinated masses of erythrocytes. In a!l ani- 


mals many vessels were surrounded with a jacket of small round cells; 


sometimes this jacket consisted of only a single or double layer of 
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these cells but not infrequently a many-celled layer was encountered 
(Fig. 7). Occasionally minute areas of small round cell infitration 
averaging about 0.1 to 0.2 mm. in diameter were found, but it was not 
always possible to decide whether or not these cell aggregations were 
perivascular as the centers of such groups frequently consisted of 
broken up masses and granular débris (Fig. 8). Intermingled with 
the small round cells were larger elements with a pale nucleus, possibly 


Fig. 6.—Rabbit; eleven intramuscular injections with mercurial oil (gray 
oil). Brain and Pia Arachnoid: Cellular infiltration and edema of the pia 
arachnoid. The cells are mainly of the small round cell (lymphocytic) type, 
but larger elements of the plasma cell type are here and there present. 


endothelial derivatives; plasma cells were likewise present. The gan- 
glion cells showed no distinct alterations excepting that here and there a 
few possessed excentric or pale nuclei. 

(On the whole, the changes described were most evident in the animal 
which had received thirteen injections. 
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Heart.—There was a well defined focal small round cell infiltration, 
the clefts between the muscle fibers being in places packed and dis- 
tended with various sized round cells. The majority of these elements 
had small compact nuclei and but little cytoplasm, but intermingled were 
larger types with pale nuclei and more abundant cytoplasm. The latter 
resembled endothelial cells. A few corpuscles of the plasma cell type 
were likewise found. These cellular groups were scattered and did not 
occur in any particular region. Where the intermuscular clefts were 


Fig. 7.—Rabbit; eight intramuscular injections with mercurial oi! (gray oil). 
Brain: Perivascular round cell infiltration. The perivascular jacket consists 
of several layers of small and large round cells. Many of the vessels possessed 
such jackets. 


densely packed, the intervening muscle cells appeared compressed and 
small and frequently degenerated (Figs. 9 and 10). Thus, we saw loss 
of transverse striations, small clear fat vacuoles, and other vacuoles 
containing a bit of reddish staining albuminous fluid. Outside of this 
focal cellular infiltration the heart muscle was generally well stained 
and apparently normal, but there were a few small vacuolated fibers. 
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The blood vessels often contained congutinated erythrocytes and a 
slight swelling of the intimal endothelium was encountered. There 
appeared to be a proliferation of the perivascular fibrous tissue which 
sometimes contained some few small round cells (Fig. 11). This 
process was nowhere sufficiently definite to speak of a perivascular 
small round cell infiltration. The endocardial and epithelial tissues 
were rather loosely arranged and slightly edematous. 

Lungs.—The alveolar capillaries were moderately engorged, and in 
one animal which died after four injections greatly dilated. In this 
animal much edematous fluid was present. A few hemosiderin- 
containing phagocytes were present in the air spaces. Local collapse 
was occasionally encountered. Agglutination and partial hemolysis of 
erythrocytes was present in many of the blood vessels. There were no 
conspicuous bronchial or pleural changes. 


Fig. 8.—Rabhit ; eleven intramuscular injections with mercurial oil (gray oil). 
srain: A small area of perivascular infiltration extending considerably beyond 
the blood vessel; the latter is shown as a small dark ring. The cells are chiefly 
of the small round cell type. 


Spleen.—The capsular and trabecular framework was unaltered. 
The blood channels were much dilated and frequently packed with 
agglutinated partly hemolyzed or degenerated erythrocytes. Large 
numbers of hemosiderin-phagocytes were present with coarser granules 
of hemosiderin in the pulp. The amount of hemosiderin varied in 
proportion to the number of injections received. 

The follicles were large and distinct and their germinal centers were 
frequently prominent. The pulp cells were of the usual type; occa- 
sionally a megalokaryocyte was encountered; the arterioles were unal- 
tered. Occasionally a slight swelling of the endothelial lung cells of 
the blood spaces was seen, but this change was nowhere conspicuous. 

Liver —In one animal which died after eight injections an extensive 
hemosiderin pigmentation of the liver cells was present. This pigmen- 
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tation was rather evenly distributed and was also well marked in the 
Kupfer-cells. Degenerated erythrocytes filled the sinusoids. 

The livers of the other animals presented an inconspicuous hemo- 
siderin pigmentation. The liver cells were genera!ly normal, but 
increased granularity was observed in some sections. There were no 
alterations in the type and amount of connective tissue and of the bile 
ducts. 


Fig. 9.—Rabbit; eight intramuscular injections with mercurial oil (gray oil). 
Heart: An area of round cell infiltration in the heart muscle. Such areas 
were frequently encountered among the animals of this series. The degree of 
infiltration varies from packing of the intermuscular clefts to actual necrosis 
of muscle fibers and dense accumulation of round cells in such degenerated 
areas. The photograph illustrates an intermediate degree; most of the cells 
are of the small round cell type, but a few larger elements are shown (see 
also Fig. 10). 


Kidneys.—The changes corresponded roughly with the number of 
injections received. Here and there was a focal young connective tis- 
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sue increase which was particularly well marked around some glomeruli 
and between groups of cortical tubules (Fig. 12). Sometimes this 
proliferation had the form of a thin wedge, taking its origin at the 
periphery and narrowing to a point in the outer medulla. In such 


regions collapsed tubules and glomeruli were encountered. The vessels 
were generally moderately engorged, and often contained degenerated 
erythrocytes. The glomerular loops were in a similar condition. The 


Fig. 10.—Rabbit; eight intramuscular injections with mercurial oil (gray 
oil). An area of round cell infiltration between the heart muscle fibers with 


destruction of a few fibers (see also Fig. 9). 


glomerular coils filled about three fourths of the capsular spaces. A 
lightly eosin-staining precipitate was often present within the capsular 
spaces. The lining cells of the capsule were inconspicuously swollen. 
No thicknening of the capsule was encountered, the proliferation men- 
tioned being entirely perivascular. 

The convoluted tubules and to a lesser extent the straight tubules 
possessed granular or frequently finely vacuolated (fat) cytoplasm. 
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Occasionally nuclear paling was seen. Their lumena contained lightly 
eosin-staining granular albuminous precipitates. Practically no desqua- 
mated cells were encountered. Nuclear multiplication was here and 
there present. Where vacuolization was well marked, cellular shrink- 
age resulted in a wider lumen. 


The collecting tubules sometimes contained casts, but were other- 


wise unchanged ; there were no calcium deposits. 


Suprarenal.—The suprarenal glands showed no constant or con- 


spicuous changes. 


Two: Histotocic CHANGES PRODUCED BY THE INTRA- 
MUSCULAR INJECTION OF SOLUBLE PREPARATIONS 
OF MERCURY 


ParT 


Three rabbits received intramuscular injections of mercuric chlo- 
rid three times a week in a dose of 0.0004 gm. per kilogram of weight; 
this amount was equivalent to 0.024 gm., or about one third of a grain, 
per 60 kilos or 130 pounds. 

Three rabbits received intramuscular injections of benzoate of mer- 
cury three times a week in a dose of 0.0005 gm. per kilogram of weight, 
which was equivalent to 0.03 gm., or one half of a grain per 60 kilos, 
or 130 pounds. 

Table 2 shows the total number of injections given to each animal 
and the influence on the duration of life. 


TABLE 2.—INTRAMUSCULAR INJECTION OF SOLUBLE PREPARATIONS OF 
Mercury THREE Times A WEEK 


Total 


Amount of Number Amount of 
Pure of Pure 
Weight, Compound Dose per Mercury Injee- Mercury Results 
Gm. Kilo Adminis- tions per Kilo 


tered per 


Mercurie chlorid 0.0004 0.0018 6 0.0008, Living 
2,350 Mercurie chlorid 0.0004 0.0054 18 0.0008 Living 
1,720 Mercurie chlorid 0.0004 0.0036 12 0.0008 Died 
1,330 Benzoate 0.0006 0.00108 6 0.00018 Living 
3,240 Benzoate 0.0005 0.00216 12 0.00018 Living 
2,580 Benzoate 0.0005 0.00324 18 0.00018 Living 


PRODUCED BY THE 
OF MERCURIC CHLORID 


I. HISTOLOGIC CHANGES INTRAMUSCULAR 


INJECTION 


Cerebrum, Cerebellum, Brain Stem and Meninges.—A distinct peri- 
vascular infiltration with small and large round cells was seen in many 
regions. This lymphocytic jacket consisted of one to several layers of 
cells. Many of the capillaries and smaller vessels were densely packed 
with small round cells, probably of the lymphocytic types (Fig. 13). A 
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slight perivascular edema was encountered. In one animal which 
received six injections a curious cell group was encountered consisting 
of a central area of necrosis about thirty microns in diameter ( Fig. 
14). About this area was a dense cluster of large cells (of the size 
of blood endotheliocytes) possessing a rather compact deep-staining 
eccentric nucleus, and finely or coarsely granular cloudy cytoplasm. 
These cells may be looked on as “granule-cells” (Kornchenzellen). 
This cell aggregation was in turn encircled by a triple and quadruple 
layer of small round cells (Fig. 15). 

No distinct ganglionic cell changes were present. The pia arach- 
noid was mildly infiltrated with small round cells and its vessels sur- 
rounded with jackets similar to those in the brain tissue. Many of the 
smaller vessels in the brain were filled with agglutinated erythrocytes. 


Fig. 11—Rabbit; eight intramuscular injections with mercurial oil (gray 
oil). Heart: Round cell infiltration and early connective tissue proliferation 


about a small vessel in the heart muscle. 


Heart.—No conspicuous alterations were present. There was a 


moderate capillary engorgement. The erythrocytes were often partly 


conglutinated; many capillaries contained a moderate excess of small 
round cells. On the whole, the niuscle fibers stained well, but occa- 
sionally pale fibers with lost transverse striations and nuclear changes 
were encountered. 

The interstitial connective tissue, the epicardium and the endocar- 


dium were normal. 
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Lungs.—A moderate congestion was found. Many capillaries and 
larger vessels contained conglutinated or partly hyalinized erythrocytes. 
One medium-sized vein contained a canalized thrombus, the new canal 
being lined by endothelium. A few new-formed capillaries were present 
within the blood mass (Fig. 16). Slight edema was found. Here 
and there the alveolar walls were thickened by round cell infiltration, 
elsewhere small areas of pulmonary co!lapse were encountered. The 
bronchi were normal. The pleural surfaces were normal. 

Spleen.—These organs were engorged with much blood. An exten- 
sive hemosiderin pigmentation was present, the amount of the pig- 
ment roughly corresponding to the number of injections received. 


Fig. 12.—Rabbit; eight intramuscular injections with mercurial oil (gray 
oil). Kidney: A peritubular and periglomerular connective tissue prolifera- 
tion and round cell infiltration is shown. Such lesions were focal rather than 
diffuse and occurred especially in the outer cortex. 


Much of this pigment was within large phagocytic cells, but coarse 
granular masses were free in the tissue. The pulp cords appeared 
thinner because of the marked distention of the blood channels. The 
follicles were large, distinct and usually possessed well marked germinal 
centers. An occasional megalokaryocyte was seen in the blood channels. 
No distinct reticular or trabecular changes appeared to be present. 
Liver.—There was a moderate engorgement, and many conglutinated 
erythrocytes were present. In the animal receiving the largest number 
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of injections the liver cells contained much finely granular hemosiderin. 
The periportal tissue was somewhat infiltrated, and in the animal which 
received eighteen injections, a slight connective tissue pro‘iferation 
had taken place. The liver cells were not much altered; some gran- 
ularity was found. The bile ducts were unchanged. 

Kidneys.—The alterations were in direct proportion to the number 
of injections the animal received. A well-defined but not pronounced 
congestion was present in all animals. Much conglutination or solution 
of erythrocytes had taken place. The glomerular tufts almost or 
completely filled the capsular spaces; sometimes occluded or collapsed 
capillary loops were seen. In many capsular spaces there was gran- 
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Fig. 13.—Rabbit; eighteen intramuscular injections with mercuric chlorid. 
Brain: The blood vessel shown is densely packed and completely surrounded 
with small round cells. The lesion is particularly striking because a longi- 
tudinal section of the blood vessel was obtained. 


ular or homogeneous fluid, sometimes mingled with what appeared to be 
erythrocytic remnants. Similar material filled many of the tubular 
iumena, and in the animal which received eighteen injections such 
casts were particularly common, being often composed of more or less 
altered red blood cells (Fig. 18). The lining cells of the capsule were 
slightly swollen. 

The convoluted tubules have chiefly suffered, Henle’s tubules being 
less involved, while little or no change was present in the collecting 
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tubules. The mildest alteration amounted to swelling and greatly 
increased granularity with fine (fat) vacuolization as the next step; in 
some tubules the cellular outlines were lost with nuclear paling. Con- 
spicuous necroses, however, were not found nor were calcium deposits 


encountered. 
The interstitial changes were not well marked. There was slight 
edema, and in the advanced series some slight local fibrous prolifera- 


tion about an occasional glomerulus. A few of Bowman’s capsules 


were somewhat thickened. 


Suprarenals.—The suprarenal glands showed no constant or definite 


histologic changes. 


Fig. 14.—Rabbit; six intramuscular injections with mercuric chlorid. Brain: 
An area of necrosis, with many “granule-cells” and a wall of small round cells 
(see Fig. 15). 


Il, HISTOLOGIC CHANGES PRODUCED BY THE INTRAMUSCULAR 


INJECTION OF BENZOATE OF MERCURY 


Cerebrum, Cerebellum, Brain Stem and Meninges——tThe perivas- 
cular small round cell infiltration described in previous groups was 
well marked in this series (Fig. 19). In addition, many vessels were 
packed with lymphocytes with occasional small foci of round cell infil- 


tration. Sometimes it was not possible in these cell groups to decide 
whether they constituted marked perivascular jackets or independent 


infiltration. 
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The pia arachnoid was well infiltrated with small round cells, par- 
ticularly in the fissures. Small cortical vessels apparently coming from 
or going to the meninges possessed pronounced lymphocytic jackets. 

The perivascular lymph spaces were dilated beyond the cellular infil- 
trations. Many blood vessels were engorged with conglutinated 
erythrocytes. .A slight to moderate hyperemia was present, but hemor- 
rhages were not encountered. No notable changes of the brain cells 


were seen. 
Heart—Conspicuous alterations were not present; occasionally the 
intermuscular spaces contained small groups of round cells. The heart 


Fig. 15.—Rabbit; six intramuscular injections with mercuric chlorid. This 
is a high power photograph of the preceding section to bring out the necrotic 
area and the large “granule-cells.” 


fibers were occasionally swollen and possessed indistinct cross striations. 
The blood vessels showed no definite changes. The epicardium and 
endocardium were normal. 

Lungs.—Many minute areas of collapse were seen, particularly near 
the pleural surfaces. These areas were usually hyperemic and edema- 
tous, and in some parts the edematous fluid filled the air spaces. Poly- 
morphonuclear cells were not encountered. Small areas of compensa- 
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tory distention bordered on the atelectatic portions. The blood vessels 
frequently contained conglutinated or partly hyalinized masses of eryth- 
rocytes. The bronchioles appeared normal. The collapsed areas 
previously mentioned may have been caused by subfunction of the 
respiratory muscles. 

Spleen.—Large quantities of coarsely granular goldea brown pig- 
ment were scattered throughout the sections (Fig. 20). This pigment 
was partly engulfed in large phagocytic cells and partly free in the 
tissues. The blood channels were widely dilated and frequently con- 


Fig. 16.—Rabbit; twelve intramuscular injections with mercuric chlorid. 
Lung: A medium-sized vein contains a canalized thrombus, the new canal being 
lined by endothelium; a few newly formed capillaries are present within the 
mass of blood. 


tained more or less degenerated erythrocytes. Alteration of the vessel 
walls was not present. The trabeculae were normal; the pulp cords 
were somewhat compressed by the engorged sinusoids and venules. 
The follicles were large, well defined and sometimes contained rather 
large germinal centers. 

Liver—An inconspicuous increased cellularity about the portal 
canals was present, chiefly due to small round cells. Many liver cells 
were lightly dusted with hemosiderin ; the Kupfer cells were frequently 
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pigmented. A moderate congestion was seen accompanied by an agglu- 
tination of erythrocytes. The liver cells presented no noteworthy 


changes. 

Kidneys.—The changes vary in proportion to the number of injec- 
tions received. Only unimportant alterations were present in the rab- 
bits having received the minimum number of injections. In the other 
animals occasional long triangular areas of young connective tissue 
proliferation were encountered ; in these regions the tubules were either 
small and coliapsed or large and widely dilated with flattened epithelium. 


Fig. 17.—Rabbit; eight intramuscular injections with mercuric chlorid. 
Kidney: The capsular space and the lumena of several of the collecting tubules 
contain granular, eosin-staining material. The lining cells of the capsule are 
slightly swollen; the epithelium of the convoluted tubules is cloudy, swollen, 
often vacuolated and frequently anuclear. 


The glomeruli were generally small and partly collapsed. Proliferating 


connective tissue occasionally occurred about the glomerular capsule 


and between tubules. 

The convoluted portions of the tubules were chiefly affected. The 
changes here ranged from simple cloudy swelling to fatty vacuolization 
and ultimate shrinkage of the lining cells. Cellular de-quamation was 
frequently encountered with degenerated epithelial cells partly filling 
the tubular lumena. Such cell casts were particularly conspicuous 
within the large collecting tubules in the medulla (Fig. 21). Some 
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hyaline casts were likewise seen and, infrequently, a few erythrocytes 
were found in the tubular lumena. There were many regenerating 


lining cells. 

The vessels were moderately engorged and often contained con- 
glutinated or partly hyalinized erythrocytes. A moderate degree of 
edema was present; this was especially well seen in the medullary 


portions. 


‘Suprarenals.—The suprarenal glands showed no constant or con- 


spicuous changes. 


Part THREE: HistoLoGic CHANGES PRODUCED BY THE 
INTRAVENOUS INJECTION OF SOLUBLE PREP- 


ARATIONS CF MERCURY 


Three rabbits were given intravenous injections of mercuric chlo- 
rid every five days in a dose of 0.0002 gm. per kilogram of weight, 
which was equivalent to 0.012 gm., or one fifth of a grain, per 60 kilos 
or 130 pounds. 

Three rabbits were given cyanid of mercury in the same dose and 


. in the same manner. 
Three rabbits were given mercurophen in the same dose and in the 


same manner. 
Table 3 shows the number of injections given each animal and the 


duration of life. 


TABLE 3.—INtTRAvVENOUS INJECTION OF MERCURIAL CoMPpoUNDS IN A DOsE OF 
0.0002 Gm. Per Kito Every Five Days 


Total 
Amount of Number Amount of 
Pure of Pure 
Weight, Compound Mercury Injee- Mercury Results 
Gm. per Kilo tions Adminis- 
per Dose tered per 
Kilo 
1,900 Mercurie chlorid................. 0.000148 6 0.000888 Living 
2,320 0.000148 12 0.001776 Living 
1,930 0.000148 14 0.002072 Living 
2,060 0.000166 6 0.000996 Living 
1,670 Mercurie cyanid.................- 0.000166 12 0.001892 Living 
3,040 Mercuric cyanid................+. 0.000104 13 0.002058 Living 
1,730 | 0.000104 6 0.000624 Living 
1,820 Mercurophen........ 12 0.001248 Living 
2,300 13 0.001352 Living 


INTRAVENOUS 


HISTOLOGIC CHANGES BY THE 


INJECTION OF MERCURIC CHLORID 


PRODUCED 


Cerebrum, Cerebellum, Brain Stem and Meninges.—Conspicuous 
lesions were not found. The pia arachnoid was mildly congested and 
an occasional small or large round cell was found. The brain vessels 
were slightly filled ; definite perivascular cell infiltration was not found. 
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Some vessels contained conglutinated erythrocytes. The vascular endo- 
thelium was occasionally samewhat swollen. No areas of necrosis or 
groups of foreign cells were found. The ganglion cells presented no 
definite alterations. 

Heart—Occasional fibers took a pale stain, were somewhat gran- 
ular, contained small clear (fat) vacuoles and were sometimes without 
nuclei. There was no congestion and no alteration of vessel walls, but 
some arterioles contained agglutinated erythrocytes. The interstitial 
connective tissue and the epicardium and endocardium were normal. 

Lungs.—Conspicuous changes were not present. There was a slight 
congestion and an occasional air sac was filled with edematous material. 
The blood vessels sometimes contained agglutinated or hyalinized 


Fig. 18.—Rabbit; eighteen intramuscular injections with mercuric chlorid. 
Kidney: Casts composed of altered erythrocytes, granular débris and degen- 
erated epithelium are present within many of the renal tubules. They are 
particularly well seen in the collecting medullary tubules. The interstitial tis- 
sue is somewhat edematous. 


erythrocytes. The alveolar walls, bronchi and pleural surfaces were 
normal. 

Spleen—The blood channels were widely distended and contained 
moderate numbers of broken-down erythrocytes. A small number of 
hemosiderin phagocytes were present; only a little free hemosiderin 
was found. The pulp cords possessed the usual type of cells and seem- 
ingly an increased number of small round cells. The follicles were 
large with prominent germinal centers. Changes were not encountered 
in the vascular walls. The capsule and trabeculae were normal. 
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Liver—A slightly increased granularity, slight hemosiderin pig- 
mentation and a moderate congestion constituted the inconspicuous 
alterations. The periportal connective tissue was normal. Some 
agglutination and lysis of erythrocytes were seen. 

Kidneys.—Occasionally a tubule with necrotic and calcified cells was 
encountered. These were mainly seen in the outer cortex and required 
careful search. Most convoluted tubules possessed slightly swollen, 
granular and open vacuolated (fat) cells; generally the nuclei stained 
and appeared normal. Sometimes homogeneous or coarsely granular 
eosin-staining casts were present, which were best seen in the collecting 
tubules. The glomeruli were of average size; there was no notable 
engorgement. Connective tissue proliferation was not found. 


Fig. 19.—Rabbit; eighteen intramuscular injections with benzoate of mercury. 
Brain: Perivascular small round cell infiltration. The animals of this series. 
as well as of the preceding group, showed such lesions particularly well. 


ll. HISTOLOGIC CHANGES PRODUCED BY INTRAVENOUS INJECTICN 
OF CYANID OF MERCURY 

Cerebrum, Cerebellum, Brain Stem and Meninges.—The pia arach- 

noid was mildly infiltrated with small round cells. There were, how- 

ever, larger cells with an eccentric reticular nucleus and pink staining 

cytoplasm. The vessels here as well as in the brain tissue were moder- 


ately engorged, and often contained agglutinated erythrocytes or hya- 
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line material. No definite perivascular jackets were present, but in 
some instances the vessels contained round cells of the types already 
mentioned. The vascular endothelium was somewhat swollen. Deci- 
ded changes were not present in the ganglion cells. 

Heart——There were no conspicuous changes. Occasionally small 
groups of round cells occurred between slightly separated muscle fibers. 
On the whole the muscle fibers stained well and were normally nuclear ; 
occasionally swollen fibers with lost striations and minute clear (fat) 
vacuoles were encountered. The capillaries were normally filled: con- 


Fig. 20.—Rabbit; twelve intramuscular injections with benzoate of mercury. 
Spleen: Considerable hemosiderin pigment is scattered throughout the sections. 
The pigment occurs as fine dust within phagocytic cells and in the form of 


larger, not engulfed, particles. 


glutination of erythrocytes was seen in a few places. The interstitial 
tissue and the epicardium and endocardium were normal. 

Lungs.—These tissues were practically normal. Some vessels con- 
tained conglutinated or hyalinized erythrocytes which in a few appeared 
to have led to actual occlusions. The alveolar capillaries were mildly 
engorged. Some small areas were slightly edematous and partly col- 
lapsed ; bronchial changes were not seen. There were no inflammatory 
cells. The pleural coverings were normal. 
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Spleen—lIn proportion to the number of injections a mild hemo- 
siderin pigmentation was encountered. The blood channels were well 
dilated and often packed with broken-down erythrocytes. The lining 
endothelial cells were slightly swollen. The follicles were large and 
distinct and possessed conspicuous germinal centers. There were no 
changes in the capsule or trabeculae. 

Liver—The periportal tissue was slightly cellular. The liver cells 
were a little more granular than usual and often contained dust-like 
hemosiderin and small clear (fat) vacuoles. There was a mild 


Fig. 21.—Rabbit; twelve intramuscular injections with benzoate of mercury. 
Kidney: Casts composed of desquamated and degenerated renal epithelium are 
present in the collecting tubules; the casts are derived from the lining of the 
convoluted tubules. A moderate interstitial edema is shown. 


engorgement and there were a considerable number of conglutinated 
red cells. The Kupfer cells appeared somewhat more prominent and 
were frequently slightly pigmented. 


Kidneys.—The changes varied in proportion to the number of injec- 
tions and manifested themselves mainly in the convoluted tubules. The 
lining cells of these tubules were at first swollen and more granular ; 
later fat droplets appeared, and finally a slight shrinkage of the cells 
with consequent widening of the lumena. Frank necroses were not 
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seen nor were the above alterations at all conspicuous. The limbs of 
Henle often possessed a ragged and apparently necrotic lining. Cellular 
and hyaline casts were seen occasionally, being particularly noticeable 
in the large collecting tubules which themselves possessed normal 
epithelial lining. The capillaries were moderately engorged and various 
vessels contained occasional clumps of conglutinated erythrocytes. 
The glomerular tufts were quite large and appeared normal. The 
capsular spaces frequently contained a little smooth or granular eosin- 
staining substance. The lining of Bowman’s capsules was mildly 
swollen. Conspicuous connective tissue proliferation was not seen, but 
occasionally there were a few small triangular cortical areas of cellular 
fibrosis. 

Suprarenals—The suprarenal glands showed no_ conspicuous 


changes. 


BY THE INTRAVENCUS 


CHANGES PRODUCED 
INJECTION CF MERCUROPHEN 

Cerebrum, Cerebellum, Brain Stem and Meninges.—Occasionally a 
thin single or double layered jacket of small round cells was found 
around some of the blood vessels, particularly in the animal which 
received the greatest number of injections. Slight swelling of the 
vascular endothelium and some agglutinations or hyalinization of 
erythrocytes were also seen. The pia arachnoid contained a few 
infiltrating round cells. All of these changes were inconspicuous. 
Definite alterations of ganglion cells were not encountered. 

Heart—Notable lesions were not found. There was a mild con- 
gestion, and agglutination and hyalinization of erythrocytes were some- 
times found. Occasionally muscle-fibers were devoid of well-defined 
striations and contained small (fat) vacuoles. The interstitial tissue 
and the epicardium and endocardium appeared normal. 

Lungs—All animals showed a moderate degree of congestion of the 
lungs associated with a mild degree of local rather than general edema. 
The bronchi and the pleural coverings were unchanged. 

Spleen.—The blood spaces were moderately dilated and frequently 
packed with degenerating erythrocytes. A mild hemosiderin pigmen- 
tation was present. The vascular endothelium appeared slightly swol- 
len. The trabeculae were normal. The follicles were large, well 
defined and possessed fairly prominent germinal centers. These 
changes varied in proportion to the number of injections. 

Liver—The hepatic cells, particularly those in the animals which 
received twelve or more injections, were swollen, often pigmented 
and contained many minute (fat) vacuoles. The cells were likewise 
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somewhat swollen and frequently pigmented. In the animal which 
received the greatest number of injections the periportal tissue was 
more cellular and contained a small number of round cells. The blood 
changes were as elsewhere in this group. 

Kidneys.—The alterations were slight and varied in degree with the 
number of injections received. There was a mild congestion, the 
glomeruli were fairly large and a few possessed collapsed capillary 
loops. Conglutination and partial hyalinization of erythrocytes 


Fig. 22.— Rabbit; thirty-five doses by mouth of yellow mercurous iodid. 


Brain: Perivascular small round cell infiltration. 


occurred in a moderate degree. Occasionally a few erythrocytes were 
found in the capsular spaces or within the tubular lumena. A slight 
amount of granular albuminous precipitate was likewise seen in these 
locations. The capsules and their linings appeared unaltered. The 
convoluted tubules were mainly involved. Here the cell changes 
ranged from a swelling to increased granularity, vacuolization, occa- 
sional nuclear disappearance and slight shrinkage of the cell. Not 
all convoluted tubules were equally affected; those in the outer cortex 
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presented the most definite involvement. No frank necroses were 
found. The straight and collecting tubules showed no, or the most 
inconspicuous, changes. There was nowhere definite edema or con- 


nective tissue increase. 
Suprarenals—The suprarenal glands did not show any constant or 


conspicuous changes. 


Part Four: HutstrotoGic CHANGES PRODUCED BY THE ORAL 
ADMINISTRATION OF YELLCW MeRcUROUS IopID 


Each of three rabbits were given daily a pill containing yellow 
mercurous iodid in a dose of 0.002 gm. per kilogram of body weight, 
which corresponded to 0.120 gm., or two grains per 60 kilograms, or 
about 130 pounds. 

The first animal received twenty-four doses followed by necropsy ; 
the second received twelve doses and the third thirty-five doses when 
necropsies were made. None of the animals died during the experi- 
ment, but necropsy examinations were made at these chosen intervals. 

Table 4 shows the total amount of mercury administered in this 


lianner. 


4—TuHe Dairy ApMINISTRATION OF YELLOW Mercurous Ilopip 


BY MoutH 1N A Dose or 0.002 Gm. Per KILo 


TABLE 


Amount of Total Amount of | 
Weight, Pure Mercury Number of Pure Mercury Results 
Gm. per Kilo per Doses Administered | 
Dose per Kilo | 
2,575 0.0012 24 0.0288 } Living 
2,850 0.0012 12 0.0144 Living 
2 00 0.0012 35 0.042 Living 


Cerebrum, Cerebellum, Brain Stem and Meninges.—In the animal 
which received twelve doses discernible histologic changes were not 
encountered. In those animals which received twenty-four and 
thirty-five doses, more or less marked perivascular small round cell 
infiltrations were found (Fig. 22). These perivascular jackets con- 
sisted of from one to three or four layers of cells. The vascular 
endothelium was slightly swollen and a few vessels contained more or 
less conglutinated or partly hyalinized erythrocytes. An inconspicuous 
round cell infiltration was sometimes observed in the pia arachnoid. 
The brain cells appeared unchanged. 

Heart—In a few areas there were accumulations of round cells 
in the intermuscular tissue spaces. These cells were generally of the 
small round cell type, but some possessed larger and paler nuclei and 
more abundant protoplasm. The muscle cells in such regions were 
somewhat shrunken, stained more palely and showed a_pyknotic 
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nucieus. On the whole, there were no important muscle changes, but 
occasional cells were swollen, devoid of definite cross striations and 
contained small (fat) vacuoles. The vessels were moderately filled, 
sometimes with conglutinated erythrocytes. The epicardium and endo- 
cardium were normal. 

Lungs.—Depending on the amount of medication, there was more 
or less congestion with a mild accompanying edema. The alveolar walls 
appeared slightly thickened in the animal receiving thirty-six doses. 
The bronchial branches and the pleural surfaces were normal. 

Spleen.—In the animal which received twelve doses, only a mild 
congestion was present; this was much more pronounced in the animals 
receiving twenty-four and thirty-five doses. In these the blood spaces 


Fig. 23.— Rabbit; thirty-five doses by mouth of yellow mercurous iodid. 
Liver: An area of periportal connective tissue proliferation, small round cell 
infiltration. The biliary ducts are considerably increased in numbers. 


were considerably dilated and often packed with degenerating erythro- 
cytes and phagocytes containing hemosiderin. Hemosiderin also 


occurred free in the tissue in the form of coarse clumps. A mild 
swelling of the vascular endothelium was seen. A _ mild _ fibrillar 
fibrosis appeared in the animals having received thirty-six doses. The 
follicles were large, and frequently had prominent germinal centers. 
The pulp cords were compressed in proportion to the engorgement. The 
capsule and trabeculae were normal. 

Liver.—There was a definite although mild change in the periportal 
tissue. The animals receiving fewest injections had a moderate degree 
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of infiltration of the portal tissues with small round cells and slightly 
elongated fibroblastic elements ; the biliary ducts were normal. In the 
animal which received thirty-five doses there was a definite increase of 
periportal young connective tissue, intermingled with small round cells. 
Sometimes the connective tissue was becoming of adult type, but on 
the whole it was richly cellular. Usually this proliferation was con- 
fined to the neighborhood of the portal canals and bile ducts, but in 
several instances we saw a slight intralobular invasion. The biliary 
ducts were considerably increased in number and appeared to be 
actively proliferating in the fibrous overgrowth. The picture was much 
the same as in early human periportal fibrosis with bile duct prolifer- 
ation. The hepatic cells were usually more granular and contained a 


Fig. 24.—Rabbit; thirty-five doses by mouth of yellow mercurous iodid. 
Kidney: A focal peritubular connective tissue proliferation. Such foci were 
encountered only here and there and generally only in the cortex. 


moderate quantity of fine dustlike hemosiderin. The Kupfer cells 
were usually slightly enlarged and frequently contained brownish or 
brownish-black granules. There was a slight engorgement, and the 
erythrocytes were often slightly conglutinated or partly hyalinized. 
Kidneys.—The changes depended on the length of medication. In 
the animals receiving the shortest treatment the convoluted tubules 
frequently contained granular débris; their lining cells were swollen, 
more granular and sometimes finely vacuolated. The glomeruli were 
generally fairly large and had well filled loops. Changes in the cap- 
sules were not found. The collecting tubules were generally not 
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involved. These alterations were more pronounced in animals having 
received the maximum treatment. The convoluted tubules frequently 
showed vacuolated epithelium, and cellular shrinkage was sometimes 
quite plain. The limbs of Henle were likewise affected but the large 
collecting tubules appeared unchanged. The latter frequently con- 
tained, however, hyaline and granular casts. The glomeruli did not 
differ in any notable degree from the picture given above. There was 
a mild and rather inconspicuous connective tissue proliferation, chiefly 
about an occasional glomerulus or between cortical tubules. The 
erythrocytes presented the same changes as elsewhere. 
Suprarenals—The suprarenal glands showed no changes. 


Part Five: HistotoGic CHANGES PRODUCED BY THE 
ADMINISTRATION OF MERCURY BY INUNCTION 

Each of three rabbits were rubbed daily for ten minutes with the 
official 50 per cent. mercurial ointment (gray ointment) in dose of 
0.09 gm. per kilogram of body weight, corresponding to 5.4 gm., or 
about one and a half drams, per 60 kilos or 130 pounds. The hair 
had been previously removed with barium sulphid from several areas 
over the back and abdomen of each animal to facilitate thorough inunc- 
tion. 

Three additional rabbits received similar inunctions with a 50 per 
cent. ointment of calomel in the same manner. 

Table 5 shows the total number of inunctions given each rabbit 
and the duration of life. 


TABLE 5.—Daity INUNCTIONS OF MERCURIAL PREPARATIONS IN A 
Dose or 0.09 Goa. Per 


— 


Total 
Amount of Number Amount of 
Pure of Pure 
Weight, Compound Mercury Injee- . Mercury Results 
Gm. per Kilo tions Adminis- 
per Dose tered per 
Kilo 
1,950 Mercurial ointment (gray oint- 
itcccdtevtnvaterabernsss 0.045 7 0.315 Died 
3,025 Mercurial ointment (gray oint- 
2,150 Mercurial ointment (gray oint- 
0.045 17 0.765 Died 
2,020 Calomel ointment............... 0.038 23 0.874 Died 
3.350 Calomel ointment............... 0.038 7 0.266 Died 
2,005 Calomel ointment............... 0.038 0.342 Died 


I, HISTOLOGIC CHANGES PRODUCED BY THE INUNCTION OF 
MERCURIAL OINTMENT (GRAY OINTMENT). 


Cerebrum, Cerebellum, Brain Stem and Meninges——Many of the 
small vessels were surrounded with single or multiple layers of small 
round cells. This perivascular infiltration did not occur in the first 
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animal of the series receiving seven inunctions of gray ointment but 
was present in the others. There was a mild swelling of the vascular 
endothelium. The pia arachnoid contained an occasional infiltrating 
round cell, but no distinct groups of such cells were present. 

An indistinct conglutination of erythrocytes was found. The gan- 
glion cells did not present any distinct alteration. 

Heart—No alterations which can definitely be attributed to the 
medication were found, the organs being apparently of normal 


structure. 


Z 


Fig. 25.—Rabbit; eighteen inunctions with mercurial ointment (gray oint- 
ment). Kidney: Shrinkage of the epithelium of the convoluted tubules because 
of fatty “degeneration.” The lumena are filled with granular, cosin-staining 
débris. 


Lungs.—There was well marked congestion accompanied by mild 
edema; the degree varied with the amount of medication. The dis- 
tended alveolar capillaries contained an increased number of poly- 
morphonuclear leukocytes ; which was regarded as not being the result 
of the kind but of the mode of medication because of cutaneous infec- 
tion due to irritation. The bronchi and pleurae were normal. Con- 
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siderable conglutination and partial hyalinization of erythrocytes were 
present. No appreciable quantity of hemosiderin was found. 


Spleen.—In the first animal of this group congestion constituted the 
only discernible lesion. In the animals which received more treat- 
ment the blood spaces were widely distended with erythrocytes, many 
of which were degenerating, shadow forms being frequently seen; 
conglutination was likewise frequently found. Hemosiderin contain- 
ing phagocytes occurred in moderate numbers with moderate quan- 
tities of free hemosiderin in the tissue. A number of phagocytes 
contained black granules which may be particles of mercury. Such 
granule containing cells were also sometimes found in other series, 
usually in the spleen or liver, but never as distinctly as in these tissues. 
(Chemical studies of their nature were not undertaken.) The pulp 
cords were thinned in proportion to the vascular engorgement. For- 
eign cells were not present. The trabeculae and the fibrillar frame- 
work appeared unaltered. 

Liver.—There was an inconspicuous periportal connective tissue 
proliferation and small round cell infiltration; the bile ducts appeared 
normal. The sinusoids were moderately engorged; the erythrocytic 
alterations were not marked. 

The Kupfer cells were slightly swollen and many contained small 
black amorphous granules. The liver cells generally appeared normal 
or were slightly more granular. Practically no hemosiderin was 
found. 

Kidneys.—The alteration here varied in proportion to the number of 
inunctions. In the first animal cloudy swelling involving particularly 
the convoluted tubules was present; the tubular lumena were often 
entirely occluded by the swollen, granular and sometimes anuclear 
cells. The straight tubules were slightly involved while the large 
collecting tubules showed no cellular lesions; hyaline or granular 
casts were sometimes found. The intertubular capillaries were fre- 
quently compressed by the enlarged tubules; the glomeruli filled about 
three fourths of the capsular spaces, which now and then contained 
eosin-staining smooth or finely granular material. 

The animals which received seventeen and eighteen inunctions 
showed granular cells in the convoluted tubules; but these cells were 
usually no longer swollen and were even decidedly shrunken (Fig. 25). 
The widened tubular lumena were usually partly filled with eosin-stain- 
ing structureless material sometimes appearing like small hyaline 
droplets. 

In these later cases a moderate engorgement of the intertubular as 
well as glomerular capillaries was present. There was no connective 
tissue proliferation or calcification. 
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Suprarenals—The suprarenal glands showed no alterations from 
‘he normal. 


Il. HISTOLOGIC CHANGES PRODUCED BY THE INUNCTION OF 
CALCMEL OINTMENT 


Cerebrum, Cerebellum, Brain Stem and Meninges.—In none of 
the various sections examined was there any perivascular infiltration ; 
the meninges appeared normal and there were no notable blood vascular 
changes. The ganglion cells were likewise seemingly unaltered. 

Heart—This organ appeared practically normal. There was an 
occasional swollen muscle fiber with poor striations and a few vacuoles ; 
but generally the muscles stained well and appeared normal. Cellular 
infiltrations were not seen. The interstitial tissue, the vessels and the 
heart coverings were normal. 

Lungs.—In one animal a terminal bronchopneumonia was found ; 
the other two possessed practically normal lungs. In the rabbit which 
received twenty-four treatments a few vessels contained hyaline mate- 
rial and conglutinated erythrocytes. Hemosiderin was not present. 
The bronchi, lung tissue and the pleural surfaces were normal. 

Splecn.—There was a moderate engorgement, and in the animal 
which received the largest number of treatments, a mild hemosiderin 
pigmentation was found. Some phagocytic cells also contained minute 
black amorphous granules; a modern degree of erythrocytic degen- 
eration was present. The malpighian follicles were of average size 
and occasionally contained prominent centers. The pulp cords, retic- 
ular tissues, trabeculae and capsules appeared normal. 

Liver—The periportal tissue was normal in all of the animals. 
There was a moderate engorgement, particularly in the rabbit which 
had received twenty-three treatments, and some conglutination of the 
erythrocytes was noted. A few swollen Kupfer cells contained small 
black amorphous material. The liver cells appeared slightly granular, 
but otherwise normal. There was no excess of hemosiderin. 

Kidneys.—More or less marked parenchymatous degeneration, par- 
ticularly of the convoluted tubules, was found. The cell changes here 
varied from increased granularity to swelling, vacuolization, nuclear 
degeneration, necrosis and desquamation. Plugs of hyaline or gran- 
ular structureless material were present in almost every tubule. The 
straight and collecting tubules presented little cellular involvement. 
The glomeruli were moderately engorged, filled about three fourths of 


the capsular spaces and were apparently normal. The capsular linings 
were slightly swollen and an occasional desquamated cell or some eosin- 


staining débris were present in the capsular spaces. Bowman’s cap- 
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sules were of normal thickness. The intertubular capillaries were 
moderately engorged, but in some places they were compressed by the 
tubular swelling. Connective tissue proliferation did not occur. 
Suprarcnals—The  suprarenal glands showed no _ discernible 
changes. 


HISTOLOGIC CHANGES 
OF MERCURY 


PRODUCED 


OF THE 
COMPOUNDS 


GENERAL 


SUMMARY 
BY 


As expected, individual animals exhibited varying degrees of tissue 
injury, so that a comparison of the kind and severity of the lesions 
produced by the different preparations of mercury administered by 
different routes, in multiple small doses, is possible only in a broad and 
general manner. 

The lesions produced by the different mercurials were quite similar 
and may be briefly summarized for the different organs. 

Brain and Meninges.—These tissues showed an interesting and 
unexpected perivascular round cell infiltration ; curiously this change is 
regarded as more or less constant in syphilitic infection of these tissues, 
and our findings quite naturally raise the question of the significance of 
perivascular round cell infiltration in the brain of syphilitic subjects 
who have taken mercury during life. At the present time we are con- 
tinuing our investigations with monkeys in order to shed further light 
on this and other interesting histologic changes due to the administra- 
tion of mercurial compounds. 

Among the animals receiving a large amount of mercury, some con- 
gestion and edema with slight perivascular round cell infiltration were 
noted in the pia mater. These lesions were somewhat more marked 
in animals which received intramuscular injections. 

Heart.—As a general rule, this organ showed no changes a'though 
among those animals receiving the maximum amounts of mercury there 
were evidences of slight focal necrosis of the muscle cells with inter- 
muscular round cell infiltration. Occasionally the capillaries contained 
masses of conglutinated and hyalinized erythrocytes. 

Lungs.—Changes in the lungs when found at all, mainly consisted 
of congestion and slight edema. It was of considerable interest to 
find that the erythrocytes were frequently conglutinated and hyalinized, 
resembling the changes found in the lungs of rabbits after the admin- 
istration of arsphenamin. 

Spleen—The changes found in this organ consisted mainly of 
hyperemia and hemosiderosis, apparently due to increased blood 
destruction as the result of the administration of the different prep- 


arations of mercury. 
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Liver —Changes in the liver were usually inconspicuous and when 
noted at all comprised congestion, filling of the sinusoids with partially 
hemolyzed erythrocytes and hemosiderin staining of neighboring 
hepatic cells. In some animals there were evidences of slight cloudy 
swelling of the hepatic cells and slight perilobular fibrosis. 

Kidneys.—These organs have shown the most conspicuous changes 
analogous to those previously described * and every one showed some 
degree of tissue injury, the severity varying considerably according to 
the amount of mercury administered. 

The most constant lesions were found in the tubules characterized 
by cloudy swelling, fatty degeneration, frank necrosis, calcareous infil- 
tration and the presence of large numbers of casts. The convoluted 
tubules suffered most; the limbs and loops of Henle were sometimes 
involved while the collecting tubules generally escaped. 

The glomeruli were sometimes hyperemic and among animals 
receiving the larger amounts of mercury, granular exudates occurred 
in the capsular spaces. 

Among the animals surviving for the longer periods of time, there 
were evidences of repair of the tubular cells accompanied by interstitial 
changes of lymphocytic infiltration and fibrosis. 

Suprarenal Glands.—As far as we could ascertain with hematoxy- 
lin and eosin-stained sections these organs showed no changes although 
we report reservedly on the histology of these tissues in this series of 
experiments, 

Unfortunately and in an unexplainable manner, we overlooked exten- 
ding our studies to the gastro-intestinal tracts of these experimental 
animals for the evidences of necrosis found by other investigators in 
mercurial intoxication produced by corrosive sublimate. 


OF 


MERCURY 


COMPOUND 


THE RELATION OF THE KIND OF 


AND ROUTE OF ADMINISTRATION TO TISSUE INJURY 


A comparison of the histologic changes induced by the intramuscu- 
lar, intravenous and oral administration of the different preparations 
of mercury employed in this study indicates that in general terms the 
severity of the tissue injuries and notably that of the kidneys, bears a 
more or less direct relationship to the amount of pure mercury admin- 
istered. These amounts have been calculated and are shown in the 
tables. As previously shown by Schamberg, Kolmer and Raiziss,? the 
same condition prevails relative to the toxicity of the various prepara- 
tions of mercury as judged by the duration of the lives of rabbits, the 
toxicity being directly proportionate to the amount of pure mercury 
administered. 
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This certainly appears to be true when the compounds of mercury 
are injected intravenously and intramuscularly. Probably the same is 
true as regards the effects produced by inunctions of mercury and 
administration by mouth, that is, the toxicity as measured by the 
duration of life and degree of tissue injury is in direct proportion to 
the amount of pure mercury absorbed irrespective of the preparation 
of mercury administered, although variation in the duration of the lives 
of experimental animals and the degrees of tissue injury are more apt 
to occur when mercury is administered by these routes due, probabiy, 


to variation in absorption of mercury. 


CONCLUSIONS 


1. The administration to rabbits of different soluble and insoluble 
mercurial compounds commonly employed in the treatment of syphilis, 
by intramuscular and intravenous injection, inunction and oral admin- 


istration, and in amounts analogous to the maximum doses given to 
human beings, resulted in the production of tissue changes in all organs 
examined, namely, the brain, heart, lungs, spleen, liver and kidneys. 

2. The most conspicuous changes were found in the brain in the 
nature of perivascular round cell infiltrations, and in the kidneys, as 
tubular and capsular glomerulonephroses of varying degrees of severity. 
Details of the histologic changes in these and the other organs included 


in this study are described. 

3. The degree of tissue injury caused by the different preparations 
of mercury appears to bear a direct relation to the actual amounts of 
pure mercury absorbed irrespective of the kind of preparation and 


route of administration.” 
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CLINICAL COMMENTARY ON STUDIES OF HIS- 
TOLOGIC CHANGES IN ORGANS INDUCED 
BY ARSPHENAMIN, BY NEO-ARSPHEN- 
AMIN AND BY MERCURY 


FRANK SCHAMBERG, M.D. 


PHILADELPHIA 


JAY 


The elaborate studies carried out by my colleagues, Drs. Kolmer 
and Lucke, on the histologic changes produced in the organs of experi- 
mental animals by arsphenamin, by neo-arsphenamin and by mercury 


are of interest and importance. 


Scientific therapeusis presupposes a definite knowledge not only of 
established clinical results but likewise of the pharmacologic and toxi- 
cologic effects of remedies. A prolific literature has grown up on the 
clinical aspects of arsphenamin and neo-arsphenamin, but our knowl- 
edge of the pharmacology and toxicology of these complex compounds, 
as well as their fate in the human economy, is far from complete. 


One of the fundamental principles of the new science of chemo- 
therapy is that a chemical compound in order to be of practical value 
in the treatment of an infectious disease must have a greater affinity 
for the parasite than for the body cells, and the greater the discrep- 
In other words, there should be 


ancy, the more valuable is the drug. 
a large latitude of safety between the dosis therapeutica and the dosis 


toxica seu lethalis. 
All powerful drugs doubtless bring about some structural changes 
When these structural changes are 


in the cells of certain organs. 
minimal no material interference with the integrity of function is 
induced. Where, however, severe or massive damage results organic 


insufficiency may be brought about, in some cases to such an extent 


as to lead to a fatal result. 

In considering the structural changes induced by therapeutic doses 
of arsphenamin, neo-arsphenamin and mercury, we must remember 
that many infectious diseases likewise induce structural changes and 
Influenza, typhoid fever and other 


organic restitution takes place. 
infections may, for example, produce focal necroses in the liver, with- 
out ultimately interfering with proper functioning of that organ. 
Other infections, notably scarlet fever, may cause severe changes in 


the kidney, and yet restoration to healthy activity commonly results. 
It is well, however, to know what organs bear the brunt of the attack 
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when these powerful drugs are administered in order that we may 
watch symptoms referable to these organs and thus intelligently guide 
ourselves in the treatment. It should not be forgotten that in the 
treatment of a difficult disease like syphilis prolonged treatment is 
necessary and repeated organic insults, unless carefully watched, may 
lead to unfortunate results. 


CLINICAL EXPERIENCE AND PATHOLOGIC FINDINGS 


Let us consider to what extent clinical observation corresponds 
with the microscopic studies here discussed in elucidating the toxi- 
cologic effects of arsphenamin, neo-arsphenamin and mercury. 

The studies carried out by Kolmer and Lucke indicate that the 
arsphenamins produce demonstrable effects chiefly on the liver, supra- 
renals and the blood vessels, and mercury chiefly on the kidneys and 
brain. The arsphenamins would appear to have a special affinity for 
the organs referred to—a hepatotropism, an adrenotropism and a 
vasculotropism. Mercury possesses a nephrotropism (an observation 
long known) and apparently a cerebrotropism, an observation which 
is as far as we know, new. 

Do these biochemical affinities throw any light upon the toxic phe- 
nomena following the use of these drugs? 

Space will not permit a discussion of the various reactions which 
from time to time follow the use of the arsphenamins. <A _ large 
literature has already accumulated on this vexed subject. To mention 
briefly only the immediate nitroid reactions conjures up to the consid- 
erable diversity of opinion on the causation of these phenomena. 
Within the scope of this communication it might be pertinent to inquire 
whether the influence on the suprarenals and the chromaffin cells 
observed by Kolmer and Lucke, might bear any relationship to some 
of the symptoms of the nitritoid reaction. The most characteristic 
phenomenon of this syndrome is a pronounced vasoparesis followed 
in some cases by a great fall of blood pressure. 

May this not in some cases be due to an inhibition of the production 
or secretion of epinephrin? It is not suggested that these reactions 
are usually due to the effect of the drug on the suprarenals, but the 
fact cannot be denied that suprarenal suppression might induce a 
similar picture. 

Most of the fatalities following the use of the arsphenamins may 


be grouped under two heads—those referable to the liver and those 


affecting the brain and its membranes. 
Kolmer and Lucke have shown that the arsphenamins in therapeutic 
dosage may induce slight structural changes in the liver and that huge 
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doses, such as are used to test the drug on animals, may cause quite 
considerable focal necroses. Warthin' says: “It is worthy of note 
that in a case of secondary syphilis dying of salvarsan poisoning focal 
necroses containing spirochaetes were present throughout the liver.” 
In this connection the whole subject of jaundice in syphilis becomes 
pertinent for discussion. Without entering exhaustively into the sub- 
ject it may be said that there are several types of jaundice observed 
in syphilis: (a) true syphilitic jaundice, appearing before any treat- 
ment has been begun and due doubtless to a diffuse degeneration of 
the liver cells produced by Spirochaeta -pallida; (b) jaundice due to 
the combined effect of hepatic syphilis and arsenical treatment (in 
these cases the jaundice is a sort of Herxheimer reaction); and (c) 
jaundice due to structural changes in the liver induced by the arsenicals 
and going on in some cases to the development of acute yellow atrophy. 

It is a significant fact that jaundice is much more commonly 
observed in syphilis now than before the introduction of arsphenamin. 
Osler found jaundice in syphilis (before arsphenamin) in 0.37 per 
cent. of cases. Harrison * found jaundice in 0.6 per cent. of cases of 
syphilis during or subsequent to arsenical treatment. Ravaut reports 
twenty cases of jaundice in patients receiving 94,672 injections of 
various arsphenamins. Scott and Pearson * observed thirty-nine cases 
among 13,664 arsenical injections. Bailey and MacKay‘ studied 
twenty-five cases of toxic jaundice developing in patients receiving 
arsenical and mercurial treatment. Silbergleit and F6kler * report that 
they observed thirteen cases of acute yellow atrophy of the liver, all 
fatal, and all occurring in syphilitic patients who shortly before had 
been given mercurial and neo-arsphenamin treatment. 

It can no longer be contested that jaundice and acute yellow atrophy 
are much more common nowadays than before the introduction of 
the arsphenamins. Nevertheless, we find a high incidence of such 
complications in certain countries and in the hands of certain clinicians 
and a low incidence elsewhere. 

Is there any explanation for the discrepancy in the incidence of 
this complication? The writer believes that there is. In my own 
clinic in the Polyclinic Hospital (Graduate School of Medicine of the 
University of Pennsylvania) over 12,000 injections of the arsphenamins 
have been given, and we have only observed three cases of jaundice. 


1. Warthin: Am. J. Syphilis 2:445 (July) 1918. 


2. Harrison: Quart. J. Med. 40:321 (July) 1917. 

3. Scott and Pearson: Am. J. Syphilis 3:629 (Oct.) 1919. 

4. Bailey, C. V., and MacKay, A.: Toxic Jaundice in Patients Under Anti- 
syphilitic Treatment, Arch. Int. Med. 25:6286 (June) 1920. 
5. Silbergleit and Foéckler: Ztschr. f. klin. Med. 88:333, 1919. 
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Furthermore, we have only encountered two mild cases of exfoliative 


dermatitis, a condition which is essentially an expression of arsenical 


intoxication. 

What is the explanation of this low incidence of jaundice and 
exfoliative dermatitis? I believe it to be due to the fact that, for 
purposes of scientific investigation, our treatment of syphilis is an 
exclusive arsenical treatment. We are studying the effect of arsphena- 
min and neo-arsphenamin on syphilis, and we do not complicate this 
study by administering mercury. The arsenical treatment is fairly 
vigorous, patients receiving two 0.4 gm. doses of arsphenamin or two 
0.9 gm. of neo-arsphenamin twice a week. Some patients have had 
this treatment continued until fifteen or twenty treatments have been 
given without interruption. We have never encountered a case of 
yellow atrophy of the liver or of encephalitis. In my private practice 
treatment has at times been much more intensive than that indicated 
above, and yet no hepatic, cerebral or cutaneous complications have 
occurred. Il am of the opinion that conjoint mercurial and arsphenamin 
treatment, while perhaps more curative, is more liable to complications 
and fatalities. Some clinics in which mercury and arsphenamin are 
conjointly used encounter jaundice and dermatitis far more commonly 
than we do. 

Wechselmann* says: “My entire experience with more than 
25,000 injections forces me to conclude that salvarsan is much less 
toxic than mercury. My department in which salvarsan is used almost 
exclusively has given me much less care and trouble during the past 
three years than in the previous period when mercury was employed.” 

A remarkable and unfortunate series of cases of “Delayed Arsenical 
Poisoning” is reported by Strathy, Smith and Hannah.’ They describe 
fifty-eight cases of late arsenical poisoning, eight of which were fatal, 
the symptoms developing, on an average, forty-three days after the 
last arsenical treatment. Jaundice was the most prominent symptom, 
being present in all of the fatal cases and in thirty-nine of the nonfatal 
group. There were also eight cases of exfoliative dermatitis. The 
writers state that “intensive treatment” was used, i. e., doses of ars- 
phenamin and mercury, each once a week for seven or eight weeks. 
Intramuscular injections of mercurial oil (gray oil) were given at the 
same time as the arsenical treatment. Nearly all of the patients were 
treated with foreign makes of neo-arsphenamin. The patients were 
all between 20 and 40 years of age. Necropsy examinations in most 


6. Wechselmann: The Pathogenesis of Salvarsan Fatalities, trans. 1913, St. 
Louis, p. 106. 
7. Strathy, Smith and Hannah: Lancet, April 10, 1920, p. 802-807. 
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of the cases exhibited changes in the kidneys, in addition to hepatic 
atrophy. The greatest total amount of arsphenamin used in any case 
was less than 7 gm. and the least amount 2.2 gm. These cases in all 
probability represent arsenical poisoning due to the vigorous conjoint 
use of mercury and arsenic. The authors themselves suspected this 
for they say: “A few of the patients showed slight symptoms of 
mercurial poisoning, but mercury is known to be an irritant of the 
kidneys and in excessive doses to cause degeneration of the tubula: 
epithelium, and it seems not at all unlikely that for this reason it acted 
as a predisposing factor. 

The pathogeny of such poisonings is reasonably clear. Mercury 
in vigorous dosage, particularly when the insoluble salts are used, may 
severely irritate the kidneys and inhibit their power to eliminate ars- 
phenamin. Within a short time after an injection of arsphenamin most 
of it disappears from the blood and is lodged in the organs, one of the 
chief reservoirs being the liver. If the eliminatory activity of the 
kidneys is impaired, it is obvious that the arsphenamin will remain for a 
longer time and in larger quantities in the liver, for which organ it has 
a considerable affinity. Too long a residence in the liver may cause 
the drug either to become oxidized with the production of arsenoxid, 
or the arsenical radical may become split off and produce the symptoms 
of arsenical poisoning. 

The Salvarsan Committee, appointed by the British Medical 
Research Council, in its first report referred to some outbreaks of toxic 
jaundice, attended by a high fatality, which occurred in certain military 
hospitals after the use of the organic arsenicals. At the suggestion 
of the committee, Dr. H. M. Turnbull made an examination of the 
tissues from eight fatal cases. He concludes that “the liver in all cases 
was the site of a severe pathologic lesion, a lesion more severe than 
that in any other organs... . . The liver was the seat of severe 
degeneration and necrosis. 

“The kidney was available for examination in six cases, and in all 
showed a severe parenchymatous degeneration.” No true nephritis was 


present. Turnbull regarded the kidney changes as secondary. 


OF ARSPHENAMIN AND NEO-ARSPHENAMIN 


COMPARATIVE EFFECT 
While the studies of Kolmer 
structural changes occur after the use of arsphenamin and _ neo- 
arsphenamin, they call attention to the fact that the changes are dis- 
tinctly less severe after neo-arsphenamin. This finding is in harmony 
with clinical observation. It may be definitely stated that neo-arsphena- 
min has less than one half the toxicity of arsphenamin and is unques- 
This is due in part to the fact that one of 


similar 


and Lucke indicate that 


tionably a safer remedy. 
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the anchoring groups—amino group—is closed, and furthermore, to 
the fact that neo-arsphenamin is neutral in reaction and does not in 
ordinary concentration produce hemolysis. 

The studies under discussion indicate that the most damaging solu- 
tions of arsphenamin are acid solutions, an observation fully confirmed 
by the tragic results of inadvertently administered solutions of unneu- 
tralized arsphenamin in the human subject. 

It is probable, however, that the vascular injuries described by 
Kolmer and Lucke are not solely due to solutions of strong hydrogen- 
ion (acid) concentration on the one hand nor to strong hydroxyl-ion 
(alkaline) concentration on the other, as similar although milder 
changes are observed after the use of neo-arsphenamin. It is possible 
that such changes are in considerable part arsenical in origin. 


STRUCTURAL CHANGES INDUCED BY MERCURY 
It has long been known that mercury has an affinity for the kidneys 
and that mercurial poisoning is apt to be associated with a nephritis. 
Accidental poisoning with mercuric chlorid kills in this manner. 
The studies of Kolmer and Lucke are interesting in that they 
demonstrate that relatively short courses of mercury may produce 


perceptible renal changes. Even in rats that received treatment by 


mouth for from four to six weeks recognizable changes were observed 
in certain organs. These rats received 2 mg. (1/30 grain) of yellow 
mercurous iodid a day. This would correspond to 2 grains daily for a 
man weighing 130 pounds. This is somewhat larger than the ordinary 
therapeutic dose but not greater than the old method of administering 
an increasing number of pills daily until “some characteristic toxic 
effect of the drug is produced.” 

This dosage in rats caused slight structural changes in the spleen, 
liver and heart, but more pronounced alterations in the brain and 
kidneys. Remarkable to relate, a distinct perivascular cell infiltration 
was observed about the vessels of the brain. This was seen in all of 
the animals treated sufficiently long with mercury, no matter how 
administered, but was never observed in animals treated with arsphena- 
min. As far as we know, this observation of Kolmer and Lucke has 
not been hitherto recorded. In order to determine whether animals 
of a higher species will exhibit similar changes, experiments are now 
being carried out on monkeys. 

The kidneys of rats receiving yellow mercurous iodid for from 
four to six weeks showed hyaline and granular casts in the collecting 
tubules. Vacuolated epithelial cells and cellular shrinkage were 
observed in the convoluted tubules, and there was mild connective 
tissue proliferation. 
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More pronounced kidney damage was seen in the animals receiving 
more vigorous treatment by inunction, intramuscular or intravenous 
treatment. The channel of introduction of the drug did not appear to 
be a determining factor, nor the form of mercury used. The structural 
alterations were proportional to the amount of the drug in terms of 
pure mercury absorbed into the blood stream. 


GENERAL DISCUSSION 
3oth the arsphenamins and mercury administered in therapeutic 
doses bring about some structural alterations in organs. These are 
doubtless ordinarily repaired like the changes that take place in various 
acute infectious diseases. The chief organs affected by the arsphena- 
mins are the liver, the suprarenals and the blood vessels. The effects 
of mercury, on the other hand, are seen dominantly in the kidneys and 
in the brain. The pathologic findings and clinical experience would 
alike persuade one to utter two cautions: In mercurial treatment 
watch the kidneys; in arsphenamin treatment watch the liver. To be 
ste, as stated by Milian, in early syphilis jaundice may indicate either 
hepatic syphilis or a Herxheimer reaction, and will respond to more 
vigorous treatment when the less intense treatment has failed. Later 
in the disease, however, and particularly after the vigorous use of the 
arsenicals, the development of jaundice should lead to a suspension of 
all specific treatment. The treatment of syphilis requires the repeated 
use of these drugs. When used with circumspection and good judg- 
ment harmful results may in large part be avoided. When used 
unskilfully, without proper examinatio. of the patient and without 
knowledge of warning signals, unfortunae results may take place. 
The fact should be emphasized that the body telerates much larger 
amounts of arsphenamin than mercury. One may, for ‘nstance, admin- 
ister intravenously to a white rat, fifty times as much arsphenamin as 
mercury. More mercury cannot be administered because it has too 
great an affinity for body cells. The therapeutic dose of arsphenamin 
is infinitely more destructive to the spirochete of syphilis than the 
therapeutic dose of mercury. The spirochetes in a chancre can be 
destroyed in a few hours by an injection of arsphenamin; this accom- 
plishment is impossible with a single injection of mercury. Fatalities 
have occurred both after arsphenamin and mercury. Those after the 
former are much more tragic and fear inspiring, for the relation 
between cause and effect is obvious. Many scores, if not hundreds, 
of deaths after mercury have likewise been reported in the literature, 
but they are ordinarily more apt to be slow and insidious and less likely 


to be incriminative of the therapeutic procedure employed. 
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In conclusion, the writer cannot refrain from expressing his opinion 
that vigorous mercurial treatment is often responsible for arsenical 
intoxication when arsphenamin and mercury are used at the same time. 
Large doses of both ought not to be employed synchronously. When 
the two are used jointly their respective dosages should be inversely 
proportional to each other. It would appear best to give the courses 
of mercury subsequent to that of arsenic. 


